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PREFACE.

THE ESSAYS in the present volume are taken chiefly
from the 7imes, Scribner's Magazine, the Gentleman's
Magazine, Belgravia, the Contemporary Review, and
the Cornkill, 1 have little to say of them that I have
not already said of other essays of mine which have
been republished in book form. My object in writing
them has been to give clear and simple but also
correct accounts of scientific matters likely to be

interesting to the general public.

RICHARD A. PROCTOR.

LONDON : December 1881.
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FAMILIAR SCIENCE STUDIES.

NOTES ON INFINITY.

WERE it not for the infinities by which he is surrounded,
man might believe that all knowledge is within his power—
at least, that every kind of knowledge is, to a greater or less
degree, masterable. Men have analysed, one by one, the
mysteries which surround the very great and the very little.
On the one hand they have penetrated farther and farther
into the star-depths, and have brought from beyond the re-
motest range of the telescope information not only as to the
existence, but as to the very constitution of the orbs which
people space. We know the actual elements which build
up worlds and suns on the outskirts of our present domain
in space ; and that domain is widening year by year, and
century by century, as telescopes of greater power are con-
structed and greater skill acquired in their use. On the
other hand, men have not only analysed the minutest struc-
ture of organic matter, have not only dealt with the move-
ments of molecules and even of atoms, but they have in-
quired into the motions taking place in a medium more
ethereal than matter as commonly understood—a medium
utterly beyond our powers of direct research, and whose
characteristics are only indirectly inferred from the study of
effects produced by its means. Such is the extreme present
range of man’s researches in the direction of the vast on the
ong hand and the minute on the other ; and at first sight
B
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this range seems to include all that is or can be. For if
the portions of the universe to which man cannot now
penetrate, or may never be able to penetrate, resemble in
the general characteristics of their structure and constitution
the portions which he can examine, then, though he may
examine but a part, he has in reality sampled the whole-
And again, if the intimate structure of matter forming thhe
visible universe, and the structure of that far subtler matte¥
which forms the ether of space, represent the ultimate tex&~
turc—so to speak—of the universe, then in the analysis &£
the minute also man has attained a similar success. W&
might thus recognise the possibility of that which a Frenck?
philosopher has called the ¢Scientific Apotheosis of Man :

in this sense, that, so far as quality of knowledge is con—
cerned (as distinct from range of knowledge), men may be—
come as gods, knowing all things, and even in the fulness o
time able to discern good from evil, distinguishing that read
good which exists in what, with our present knowledge,
seems like absolute evil.

But so soon as we consider the infinite, the absolute
necessity, according to our conceptions, of infinity of space
and time if not of matter and energy, we recognise not only
that there is much to which our researches can never be
extcnded, but that the knowledge which is unattainable
infinitely transcends that which is attainable. Take, for
instance, the infinity of space. If we could suppose that
the extremest possible range of telescopic vision fell short to
some degree only of the real limits of the universe, we might
not unrcasonably believe that the unattainable parts were
not unlike the portions over which our survey extends. But
when we consider what infinity of space really means, we are
compelled to admit that the portion of the universe which we
have examined, or can conceivably examine, is absolutely as
nothing—a mere mathematical point—compared with the
actual universe. This being so, it would be utterly unreason-
able to suppose that what we know of the universe affordsany
measurable indication of the structure of the rest. The part
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we know being as nothing compared with the whole, to
assume that the remainder resembles it, is as unreasonable as
it would be for a man who had seen but a single thread of a
piece of cloth to attempt to infer from it the pattern of the
whole. If such a man assumed that the whole piece was of
one colour and made throughout of the same kind of thread,
he would be much in the position of the man of science who
should assume that the infinity of space surrounding the
finite portion which we have examined, consists throughout
of systems of suns—single, multiple, and clustered—attended
by systems of planets.

So again of the infinity of time. We know of certain
processes which are taking place in that particular portion of
time in which our lives are set, or over which our reasoning
powers range ; inferring from the present what has happened
in the remote past or will happen in the distant future. We
trace back our earth to its beginning ‘in tracts of fluent
heat,’ or pass farther back to what Huxley has called the
¢ nebulous cubhood’ of the solar system, or even attempt
to conceive how the system of multitudinous suns filling the
depths of space may have been formed by processes of
development. And looking forward to the future, we trace
out the progress of processes arising from those earlier ones,
recognising apparently the ultimate surcease of every form
of life, the life of all creatures living upon worlds, of worlds
themselves, of solar systems, of systems of such systems,
and of even higher orders of systems. If time were but .
finite, if we could conceive either a beginning or an end of
absolute time,we might fairly eneugh suppose that processes
such as these, and the subordinate processes associated
with them, were the fulfilment of time. But time being
infinite, of necessity we have no more reason for supposing
that what we thus recognise in our domain of time re-
sembles what takes place in other portions of time, than
a man who listened for a single second to a concerted piece
of music would have for imagining that the notes he heard

B2
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We can readily conceive the idea of a sequence of events
being continually repeated, and thus assign a cyclical cha-
racter to occupied time. But if we thus imagined that all
the events now taking place had occurred many times before
and will occur many times again, always in the same exact
sequence, the cycles thus imagined would only be new and
larger measures of absolute time. Though infinitely ex-
tended in duration, according to our conceptions, they could
no more be regarded as bearing a measurable ratio to time
itself than the seconds or minutes into which we divide the
part of time in which we live bear a measurable ratio to
the duration, past, present, and future, of the visible uni-
verse.

I am not, indeed, prepared to admit that a more suc-
cessful effort has hitherto been made, or can be made, to
indicate the possibility that space may not be infinite. Some
eminent masters of mathematical analysis, whose acumen
and profundity are justly celebrated, have expressed their
acceptance of certain views, presently to be described, which
suggest the possibility that space may be finite; but I find
nothing either in their reasonings on this special subject, or
in their writings generally, to suggest that they have the same
mastery of geometrical as they have of analytical relations
in mathematics. Nay, I venture to say that no competent
geometrician who examines their reasoning can fail to recog-
nise a confusion of thought, an indistinctness of mental
vision, so soon as they pass from the verbal and mathe-
matical expression of space relations, to the consideration of
those relations themselves. Before considering the position
they endeavour to maintain, let us briefly inquire into the
general considerations which present themselves when we
contemplate the relations of space as they appear to our
conceptions.

It must be admitted at the outset (and no doubt in this
we may recognise a reason for the diversity of view which
appears to exist), that no theory of the finiteness of space
can possibly be more utterly inconceivable than the idea of



6 FAMILIAR SCIENCE STUDIES.

infinite space itself. And by inconceivable I do not mean
merely that which is beyond our power of picturing men-
tally ; for many things which not only exist, but can be
measured and gauged, cannot possibly be pictured in our
minds. No man, for instance, can form a clear mental
picture of the dimensions of our earth, still less of Jupiter’s
or of the Sun’s ; while the distances of the stars—distances
which dwarf even the dimensions of the Sun into insignifi-
cance—are, in the ordinary use of the words, absolutely
inconceivable. Yet, though we cannot picture these dimen-
sions, we find no difficulty in admitting their actual existence.
They are merely multiples of dimensions with which we are
already familiar. But absolute infinity of space is unlike
aught that the mind of man has hitherto been able to con-
ceive. Aristotle well indicated this in his celebrated argu-
ment for the finiteness of the universe, that argument of
which Sir J. Herschel truly said that, though wzansweradle,
it never yet convinced mortal man. The straight line joining
any two points in space, be they where they may, is finite,
because it has two definite terminations ; therefore the uni-
verse itself is finite. Equally unanswerable, however, though
also equally unsatisfactory, is the retort in favour of the
infinity of space. The straight line joining any two points
in space, be they where they may, can be produced to any
distance in the same straight line,! in either direction, and

1 Tt is singular that the elementary ideas of geometry are introduced
at the very beginning of any inquiry into the subject of infinity of space.
The three postulates of the geometry of the line and circle present to
us :—First, Aristotle’s argument for a finite universe : sccondly, the
counter-argument for infinity of space; and thirdly, the thought of
Augustine (commonly attributed to Pascal) that the universe has its
centre everywhere and its circumference nowhere. Let it be granted,
says the first postulate, that a straight line may be drawn from any one
point to any other point ; the second says, let it be granted that any
finite line may be produced to any distance in the same straight line;
the third, let it be granted that a ‘circle may be described with any
centre and at any distance from that centre. The first is Aristotle’s
statcment ; the sccond is the counter-statement ; the third is equivalent
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therefore no point on the produced line on either side can
be regarded as its extremity ; such lines being therefore in-
finite, the universe is infinite.

But it may be well to consider what we mean by a
straight line—the absolute straight line of geometry. It is
held by many mathematicians that our conceptions of points,
lines, surfaces, figures, and so forth, in space are entirely de-
rived from our experience of material points, lines, surfaces,
figures, and so on. Assuming this to be so, what is the con-
ception of straightness in a line joining two points? It up-
pears to me that when we trace back the conception to its
origin, we find the idea of a straight line joining two points
to be that of a line, such that, if the eye were so placed that
the two points appeared to coincide, the line itself, thus seen
endwise, would appear as a point. This, if not the only
independent test that can be applied to any material line,
in order to determine its straightness, is certainly the best.
Stretching a fine thread is either not a perfect test or not an
independent test. If the two points are on a flat surface we
can stretch a string from one to the other, because the flat
surface affords suitable resistance to the string’s tendency
to bend ; but the flatness of the surface is a quality of pre-
_ cisely the same kind as the straightness of the line, and un-
less we are assured that the surface is flat we cannot be sure
that the stretched string is not curved. Without a supporting
surface we may be absolutely certain that the string is curved,

to the assertion that every point in the whole of space may be taken as
~ acentre, and that there are no limits whatever to the distance at whicha
circle may be described around any point as centre.  Inlike manner with
the definitions and axioms. The idea of infinity is implicitly involved,
and all but explicitly indicated, in the definition of parallel straight lines ;
and before we can accept the doctrine of the possible existence of a fourth
dimension in space, through which doctrine alone (so far as can be
seen) the infinity of the universe can be questioned, we must reject the
axiom that two straight lines cannot enclose a space; or rather the
wider axiom which Euclid should have adopted (since he makes, in
reality, repeated use of it), that two straight lines which coincide in two
points coincide in all points.
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instant those swiftly moving stars were brought to rest, they
would not really be in a straight line with the observer’s eye.
For he would see the nearer in the direction it had many
years ago, when its light began the journey towards him ;
while he would see the farther in the direction which it had
at a much more remote epoch. And it would be these two
positions, which the two stars occupied, not at the same
time, but at times widely remote, which would be in a right
line with the observer’s eye. If two stars really were
brought by their proper motions into a straight line with the
eye of an observer at a remote station, they would not seem
to be coincident, and if they were then suddenly reduced
to rest the observer would see them still apparently in
motion, drawing nearer and nearer together until they ap-
parently coincided.

We see, then, that this optical test of the straightness of
the line joining two points requires that the points should
be at rest.

I may here digress for a few moments to notice one
very singular consequence of the effect of motion just men-
tioned. Conceive the production of a straight line joining
two points to be effected under the visual test, the eye
itself being the tracing point. The eye is first placed so
that the nearer point (close to the eye) is coincident appar-
ently with the more remote, and then the eye recedes with
infinite velocity, or at least with a velocity exceeding many
million times the velocity of light. Then it would seem at
first as though the eye must of necessity travel in a straight
line ; but in reality this would only be the case if the two
points were either absolutely or relatively at rest. If 7o,
then, paradoxical though it may seem, it is nevertheless
true that the eye would have to travel in a series of whorls
forming a mighty spiral, the path of the eye at a very great
distance from the two points being almost at right angles to
a really straight line joining the eye and the centre of gravity
of the moving points (around which they would make their
revolutions).
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The relation here considered is rather a singular one in
itself (apart, I mean, from all question of infinity). It may
be illustrated by a phenomenon which occurred in December
1874, and will occur again in December 1882—a transit of
Venus. Suppose we see the disc of Venus at any instant
projected as a round black spot on the very centre of the
Sun’s face. Then one would say at the first view that at
that moment the eye and the centres of the Sun and Venus
were in a straight line. But this would not be exactly the
case. For we see the Sun at any moment, not in his real
direction, but in that towards which he lay some nine
minutes before, light having taken that time in travelling to
us from him ; and we see Venus at any moment, not in her
real direction, but in that towards which she lay when the
Sun’s light passed Zer. As her distance from us varies
widely, so the displacement due to the journey light has to
take from her to reach us varies widely in relative amount,
though, being always small, ordinary observation perceives
no remarkable irregularity in her motions. When she is

! If light did - not travel with a velocity enormously exceeding that
of the planets in their orbits, they would seem to move very irregularly
(at least, until the cause of the irregularity had been discovered) ; we
should sometimes see Mars, for example, where he was a month or so
before, sometimes where he was a year or so before—z.e., sometimes
twenty or thirty millions of miles, sometimes two or three hundred
millions of miles, from his true place. As it is, light crosses the
greatest distance separating us from Mars in about twenty minutes, and
the least in about four minutes, so that the irregularity in his apparent
mations never amounts to more than the distance he traverses in about
16 minutes, or a little more than 14,000 miles. If light travelled at
the same rate as sound, it would have been absolutely impossible for
men to interpret the apparent planetary motions, and the most erroneous
ideas would inevitably have prevailed respecting the real motions. Even
if the velocity of light had amounted to 20 or 30 miles per second,
instead of its real value—about 186,000 miles per second—the true
theory of the planetary movements would have seemed absolutely in-
consistent with what the eyes would have scen. Even as it is, astro-
nomy is directly opposed to the doctrine that seeing is believing. We
see every celestial body, not where it is, but where it was. It is hardly
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between the Earth and Sun, light takes about 2} minutes in
reaching us from Venus; and therefore we see her where
she was 2} minutes before. All that we can say, then, from
the observed fact that Venus is seen at any moment, ap-
parently at the very centre of the Sun’s disc, is that a
straight line from the eye to the place Venus occupied 23
minutes before is in the same direction as a straight line
from the eye to the sun eight minutes before the moment of
the observation. But the Earth is at the moment itself on the
axis of Venus’s shadow cone. This axis, then, cannot be a
straight line. Similar reasoning applies to all the planets,
including the Earth. They do not throw straight shadows
into space. This is the point to which I have wished to
lead the reader’s attention. The axis of a planet’s shadow
is the path which would be pursued by the eye in the case
before considered, if the planet were taken for the nearer
and the Sun for the more remote of the two objects ; and
instead of this axis of the shadow lying, as one would expect,
upon straight lines extending radially from the Sun, it is
curved with a constantly increasing deflection, until in
depths very remote from the sun it actually sweeps out fig-
ures shaped almost like circles! The shadow travels radially
just as the light from the Sun does, simply because it lies be-
tween regions of light both receding radially from the Sun.
Hence the place reached by the shadow which %ad been just
behind a planet in one part of its course will lie in the same
direction from the Sun, only at a much greater distance, when
the planet has performed any part of its circuit or any num-
ber of circuits, This being true for every position of the
planet, it follows readily that when we connect together
the various positions reached by the outward-travelling
shadow, at any moment, they form a mighty shadow-spiral
extending in a series of whorls infinitely into space, or at
least to a distance corresponding to that which light has

necessary to remark that astronomy, in predicting the motions of the
celestial bodies, as well as the occurrence of eclipses, transits, occulta-
tions, and so on, takes this circumstance fully into account.
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traversed since first the planet became an opaque body, or
the Sun began to pour light upon the planet (whichever of
these two events was the later)—in other words, since first
the planet cast a shadoww. Thus, let, p, p, p3 p4 be the path
of a planet about the Sun S, and let the planet be at p,, then
the shadow extends outwards from p,. Let us see what

Shape of a Planet’s shadow.

shape it will have. The shadow which had been behind the
planet when last at , has gone to Py, #, P, being the dis-
tance traversed by light during one revolution of the planet.
That which was behind the planet when last at g, has gone
to Py, p, P, being the distance traversed by light in three-
quarters of a revolution. Similarly, we get P; for the place
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reached by the shadow which had been behind the planet
when last at g3, #; P; being the distance traversed by light
during half a revolution ; and P, for the place reached by
the shadow which had been behind the planet when last at
P4, 24 P,y being the distance traversed by light in a quarter of
a revolution of the planet. The shadow’s axis then lies
along the curve g, P, P; P, P;. But this is not the whole
shadow. The shadow which had been behind the planet
when last time but one at p;, has been all the time travelling
outwards, and is now at Q,;, P, Q, being equal to g, P, ;
and similarly we get other points of another whorl Q, Q,
Q, Q,, the radial breadth « 4, between the two whorls being
everywhere equal to the distance traversed by light during
one revolution of the planet. Outside this whorl there is
another, another beyond that, and so on for as many whorls,
in all, as the planet has made revolutions since it first
began to cast a shadow. The radial breadth between two
successive whorls is always the distance traversed by light
during a revolution of the planet, and as the distance of the
whorls increases this breadth bears a smaller and smaller
proportion to the size of the whorl, whose shape therefore
becomes more and more nearly circular, though of course
there is always the gap P; Q, between the two ends. In
the case of our earth this gap is equal to light’s journey
ina year, or to about one-third of the distance separating us
from the nearest fixed star ; yet the greatest radius of the
whorl corresponding to the year 881 of our era exceeds the
least in no greater degree than 1,000 exceeds 999.

It is strange to reflect that this mighty shadow-whorl is
even now conveying into depths of space, so remote that to
our conceptions their distance is infinite, a material record
of the actual beginning of our earth’s existence as a shadow-
throwing body. All the other planets of our own system,
and whatever worlds there are circling around the multitu-
dinous suns peopling space, have in like manner their vast
whirling shadows, various in shape according to the varying
motions of the planets, and greater or less in their extension
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according to the greater or less duration of planetary life,
These mighty interlacing shadows are all the time in motion
with a velocity altogether beyond our conceptions, yet so
minute, compared with the dimensions of the shadow, that
hundreds of years produce no appreciable change in the
shape of the remoter whorls. It will be understood, of course
that the shadows are not such shadows as human vision
could perceive. Neither light-waves nor the absence of
light-waves in the @ther of space could be recognised as
we recognise light and darkness. Only when some opaque
object is placed in any region of space can ordinary vision
determine whether light is passing there or not. Moreover,
the shadows I have been speaking of are not black sha-
dows even in this sense. They are only regions of space
where the light which would else have arrived from the Sun
has been to some finite, but very small, degree reduced
through the interposition ofa planet. Yet it is easy to
conceive that beings living in the universe of ther, as we
live in our universe of matter, might clearly perceive these
shadows—these regions where the xther is less or more
disturbed by the undulations forming what we call light ;
and if we adopt the thought of Leibnitz, that the universe
is the sensorium of God, then these mighty interlacing
shadows swiftly rushing through His omnipresent brain con-
vey to His mind such evidence as their shape and nature
can afford respecting the past history of the worlds peopling
space. Here, also, let this strange point be noted. If a
Being thus sentient, through and by all space, conceived the
idea of straight lines after the manner described above—
regarding, to wit, the prolongation of the line joining two
points as that line in space from every point of which a# t4e
moment the two points would seem as one—then in His
mind straight lines would correspond with the shadow axes
just dealt with, and would only be really straight if the
points were at rest. To His conceptions, then—always on
the assumption I have just made—the straight line joining
the sun and earth would, if produced far enough, become
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almost circular, and form an endless spiral.  Still referring to
His conceptions of such a line, not to the real shadows be-
fore dealt with, it would not matter whether the line joining
the earth and sun were produced beyond the earth or beyond
the sun ; in either case it would extend outwards into space
in an infinite series of whorls. Thus two mighty series of
interlacing whorls! would be mistakenly conceived of as a
straight line,

It is something like this error which the advocates of the
new ideas concerning space suggest as possibly affecting the
ordinary geometrical conceptions respecting straight lines
and so falsifying all our ideas respecting the universe.
Conceive, they say, the primary geometrical ideas of crea-
tures living in a world of one dimension. They would
know nothing of breadth or thickness, but of linear exten-
sion only. And we can readily imagine that such creatures
might conceive their world infinite in extension ; because all
lines in it must be supposed capable of being indefinitely
produced, still remaining in it. Vet in reality the universe
in which such creatures existed mightbe finite even as respects
its single dimension ; for the line in which these imaginary
creatures lived might be curved, and, returning into itself, be
limited in actual length. Thus while a line could be infinitely
produced in this singly dimensioned world, the world itself
in which such infinite extension of lines could be effected
would be finite. Conceive, again, the case of a world of
two dimensions only—length and breadth without thickness.
The creatures in this world would be mere surfaces, and
their ideas would necessarily be limited to surfaces. All
those portions of our geometry which relate to plane fig-
ures and plane curves would lie within their grasp, while

! The student of geometry will not need to be told that a spiral
formed in the manner illustrated in the figure is what is called the spiral
of Archimedes, and that for completeness it requires the second infinite
series, travelling the other way round, but in other respects precisely
like the first series, whorl for whorl. Each whorl of one series cuts
gach whorl of the other once, and once only.
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not only would they be unable to deal with questions relat-
ing to solids or curved surfaces, or curved lines not lying
in one plane, but the very idea of a third dimension
would be utterly inconceivable by them. Now, while these
creatures might have, as we have, the conception of straight
lines, and might postulate, as we do, that such lines when
finite may be indefinitely produced, so that they would have
ideas like ours respecting infinite extension in length and
breadth, it might very well be that the surface in which they
lived, being curved and re-entering into itself, would no
more be infinite than the surface of a globe or an egg.
Moreover, and this is a point very specially insisted upon by
those whose reasoning I am reproducing, it might well be
that different portions of the curved surface in which they
resided might be differently curved (as the end of an egg is
diffcrently curved from the middle parts), and geometrical
relations derived from the experience of creatures living in
one portion of this curved surface might not by any means
correspond with those which they would have deduced had
their lot been cast in another portion of the same surface.
For instance, in the case of two triangles belonging to one
portion of the surface, two sides enclosing an angle of
onc might be severally equal to two sides enclosing an angle
of the other, and the perfect equality of the two triangles
might be tested by superposition in our region of this surface
world ; but a triangle having two sides and the enclosed
angle respectively equal to those of another in a different
part of that world, might not admit of being superposed on
this last. This can easily be shown by drawing two triangles,
one on the end of an egg and the other on the middle of
the egg, each triangle having two sides of given length and
at a given inclination : it will be found that if the corre-
sponding pieces of shell are cut out they cannot be exactly
superposed. Not only is this so, but if two triangles, each
having two sides of given length and at a given inclination,
be drawn in different positions on the middle of the egg,
they cannot be superposed, simply because at that part of
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the egg the curvatures in different directions are different.
A line drawn lengthwise with respect to the egg belongs to
a larger curve than a line drawn square to it. On the contrary,
at the two ends of the egg, and there alone, the curvatures
in all directions are alike, and therefore at either of these
spots triangles of the kind described could be superposed,
but not elsewhere. Thus the geometry of one part of such
a surface differs essentially from the geometry of other parts,
and creatures living on a portion of a surface of that kind
would be altogether mistaken in supposing that throughout
their world the same geometrical laws held which experience
derived from their own region of that world seemed to
suggest. '

The application of all this is obvious. We live in a
world of three dimensions, and cannot conceive the exist-
ence of a fourth dimension. Length, breadth, and thickness
. seem, of necessity, to be the only possible measures of
space. But as creatures living in a world of one dimension
would be mistaken in assuming, as they unquestionably
would, that there could be no other dimension—as, again,
creatures living in a world of two dimensions would be mis-
taken in assuming that a third dimension was impossible—
so may we be mistaken in assuming that there can be no
other dimension than length, breadth, and thickness. Hence
those who adopt the reasoning I have described believe in
the possible existence of a fourth dimension in space. Nor
can any reason be perceived why a fifth or sixth dimension
or an infinite number of dimensions, may not be regarded
as possible, if the reasoning be only admitted on which has
been based the possibility of a fourth dimension.

Again, as creatures living in a world of one dimension
or of two dimensions might mistakenly imagine their world
infinite in extension in its single dimension or in its two di-
mensions—whereas in one case it might be any closed
curve, and in the other any continuous curved surface—so
may we also be mistaken in supposing our world infinite in
extension throughout its three dimensions, It may in some

(4



18 FAMILIAR SCIENCE STUDIES.

way (which we can no more conceive than creatures pos-
sessed with the idea that they lived in a world of two dimen-
sions could conceive the idea of the curvature of their world,
which, of course, involves really a third dimension) possess
a kind of curvature which makes it a world of four dimen-
sions (or more), and may be no more infinite than the cir-
cuit of a ring or the surface of a globe is infinite.

Yet again, the geometry of creatures living on a curved
line or on a curved surface, but who supposed they- lived on
a straight line or a plane surface, would pro fanfo be inexact,
For instance, creatures living on the surface of a sphere
enormously large compared with their own dimensions,
would readily deduce the relation that the three angles of a
triangle are equal to two right angles, for their plane geome-
try would be as ours ; yet this relation would not be strictly
true for their world, the three angles of a triangle described
on a spherical surface being constantly in excess of two
right angles. In like manner the relations of our geo-
metry, linear, plane, and solid, may be inexact. The lines
we consider straight lines may in reality be curved. Our
parallel lines may in reality, if only produced far enough,
meet on both sides, just as two parallel lines marked on a
sphere meet necessarily if produced, and in fact enclose a
space. Or, instead of that, a contrary relation may hold,
and whereas, according to our present geometry, a straight
line through a given point must oecupy a certain definite
position if it is not to meet another straight line (in the same
plane), however far it may be produced, it may be that in
reality the former line might be swung round through some
finite though small angle, and in every one of the positions it
thus assumed possess the property of parallelism, never meet-
ing the other line, however far both might be produced.!

! This is no mere reductio ad absurdum. Lobatchowsky, who has
been compared by a skilful student of the new ideas with Copernicus,
has framed a system of geometry on this very assumption. Before
quoting Professor Clifford’s account of Lobatchowsky’s work in this
direction, I venture to quote Clifford’s remarks on the general question,
in order that the reader may not imagine that what I have said above
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Thus, by conceiving the possibility of a fourth dimension
in space, we find ourselves freed from the difficulties which
our present geometrical conceptions force upon us. The
universe need no longer be regarded as infinite. The
straight lines which had been so troublesome are no longer
troublesome, because they are no longer straight, but share
the curvature of space. We may produce them as much as
we please, but they all come round to the same point again.

respecting the new geometry is drawn from my own imagination only.
I remind the reader that.Professor Clifford was a skilful analytical
mathematician, and that he was professedly expounding the ideas of
Helmholtz, Riemann, Lobatchowsky, and others of admitted skill in
mathematics. ¢ The geometér of to-day,’ says Clifford, ¢knows nothing
about the nature of actually existing space at an infinite distance ; he
knows nothing about the properties of this present space in a past or a
future eternity. He knows, indeed, that the laws assumed by Euclid
are true with an accuracy that no direct experiment can approach, not
only in this place where we are, but in places at a distance from us that
no astronomer has conceived ; but he knows this as of Here and Now;
beyond his range is a There and Then of which he knows nothing at
present, but may ultimately come to know more. So there is a real
parallel between the work of Copernicus and his successors on the one
hand, and the work of Lobatchowsky and his successors on the other,
In both of these the knowledge of immensity and eternity is replaced
by knowledge of Here and Now. And in virtue of these two revela-
tions’ (the italics are mine), ¢ the idea of the Universe, the Macrocosm,
the All, as subject of human knowledge, and therefore of human interest,
has fallen to pieces.” Now the work of Lobatchowsky is thus described
by Clifford : ¢ He admitted that two straight lines cannot enclose a
space, or that two lines which once diverge go on diverging for ever.
But he left out the postulate about parallels’ (viz, that there is one
position, and one only, in which a straight line drawn through a point
is parallel to a given straight line). ¢ Lobatchowsky supposed instead
that there was a finite angle through which the second line might be
turned after the point of intersection had disappeared at one end before
it reappeared at the other.” This angle depends on the distance of the
point from the line in such sort that the three angles of a triangle shall
always be less than two right angles by a quantity proportional to the
area of the triangle. ¢ The whole of this geometry,’ proceeds Cliffor¢
*is worked out in the style of Euclid, and the most interesting concle
sions are arrived at.’

c2
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dreary infinities of homaloidal space’ (that is, space where straight
lines arc straight, and planes plane ; from the Greek ouaids, level) *in
the consoling hope that, after all, this other may be the true state of
things.’

Now, with all respect for the distinguished mathemati-
cians who have adopted the method of reasoning which I
have briefly sketched, and which Professor Clifford thus
eloquently sums up, I submit that the whole train of reason-
ing is geometrically objectionable, and that the very words
in which those who adopt it are compelled to clothe their
arguments and to express their conclusions should suffice to
show this. To begin with, although it is unquestionably -
true that our ideas respecting the geometrical point, line,
plane, circle, and so forth, are originally derived from ex.
perience, they in truth transcend experience. Thus, as the
ancient geometers are said to have drawn figures on sand to
illustrate their reasoning, and these figures were necessarily
altogether imperfect representations of the figures as geo-
metrically defined, we can imagine a gradually increasing
accuracy in draughtsmanship, until at length only such lines
as Rutherford has been able to draw on glass—10,000, if I
remember rightly, to the inch—might be used, or even lines
very much finer. Yet the lines so drawn only differ in
degree, so far as their departure from geometrical perfection
is concerned, from the lines drawn on sand. We can
imagine a continual increase of fineness until at length the
errors from exactness would be less than those ethereally
occupied spaces, between the ultimate atoms of bodies, which
lie beyond the range of our microscopes. We might con-
ceive a yet further increase of fineness, until irregularities in
the actual constitution of the ether itself took the place of
the gross irregularities of the lines once drawn on the sand.
Or suach irregularities might in turn be conceived to be re-
duced to their million-millionth parts. Yet we are still as
remote as ever from the geometrical line, simply because
that is a conception suggested by ordinary lines, not a reality
which can under any circumstances actually exist. And so
of the straightness of lines, the planity of surfaces, and
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other like geometrical conceptions : they are transcendental-
isms suggested (only) by experience, not in reality comparable
with them any more than infinity of space is comparable
with mere immensity. To say, therefore, that geometrical
lines, surfaces, and so forth, may be imperfect because space
itself may be discontinuous, is to assert of them that pos-
sibly they may not be geometrical lines, but only exceedingly
delicate lines of the ordinary kind. To say again that
geometrically straight lines may have their straightness
vitiated by the curvature of space, is to say that they are
not geometrically straight lines, but curved. I was about to
* say that it is as inconceivable that a straight line can, when
produced far enough, return into itself, as to say that two
things of any kind being added to two other things of the
same kind, make three or five things of that kind, and not
four ; but I remember that, among other objections to the
validity of our primary conceptions, one has been urged
against the mistaken notion that ex necessitate two and two
make four. There may be regions of space or portions of
eternity where, when two things are added to two, the sum
is greater or less than four, and where in general our funda-
mental ideas about number may be altogether incorrect ;
and in those or other regions or times straight lines may be
curved, and level surfaces uneven. Space also may there
- and then be discontinuous, the interstices being neither void
nor occupied space ; and time may proceed discontinuously,
being interrupted by intervals which are neither void nor
occupied time. It can only be in those regions of space
and in those portions of eternity that beings exist who can
conceive the possibility of the creatures spoken of by
Helmholtz, Clifford, and others, as having only length with-
out breadth or thickness, or only length and breadth without
thickness. Here and 70w I apprehend that, though we may
speak of such creatures, we cannot possibly conceive of them
as actually existent.
We might on this account, indeed, dismiss the one-dimen-
sioned and two-dimensioned creatures and their mistaken
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notions, which cannot possibly affect ourselves who are un-
able to conceive either them or their notions. But we may
admit for the sake .of argument the possible existence and
the possible mistakes of such creatures, and yet find no
reason whatever to admit the possibility of a fourth dimen-
sion in space. Take the creatures living in a surface. So
long as the experience of such creatures was not opposed to
the requirements of plane geometry, their conceptions and
their experience would alike conform to the relatipns of our
plane geometry. But if, after gradually widening their ex-
perience, they discovered that these relations were not
strictly fulfilled—that, for instance, the three angles of a
triangle were appreciably greater than two right angles when
the triangle was very large—the existence of a third dimen-
sion would present itself to their conceptions, simply because
it had in effect, as their geometricians would explain, become
sensible to their experience. Its possibility would never
have been beyond their power of conception, and it is not
at all clear that such creatures, even without the lessons of
actual experience, might not conceive the possible existence
of matter on one side or the other of the surface in which
they lived. In fact, it is not easy to see what should prevent
them. Moreover, when they had made the discovery of a
third dimension in their own world, by finding in fact that
the surface in which they lived was not plane, they would be
unable to ‘find relief from the dreary infinities of homaloidal
space in the consoling hope’ that their world, being curved,
might therefore contain a finite number of square miles.
They would simply have found that what had seemed the
universe to them was in point of fact not the universe ; that
the infinities of length and breadth which they had imagined
as existing in their world lay really outside of it, in company
with another infinity of which they had before (on Helm-
holtz’s assumption as to their mental condition) formed no
conception. If we are really to admit with Helmholtz and
Clifford the possible existence of creatures of one dimension
or of two dimensions, and also to accept as certain the
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of advanced ideas arguing with less thoughtful fellow-lines
as to the existence of breadth as well as length, we see that
his argument would run somewhat on this wise : ¢ You im-
agine mistakenly, my linear friends, that a// points lie in our
line ; but there may be, and I believe for my own part there
are, points not in our line at all’ He would not say, ¢ on
cne side of it or on the other,” simply because the concep-
tion of sides to their linear universe could not have been
formed by his hearers. So with the planar folk. An ad-

vanced surface would reason that all lines and points were

not necessarily in their world, but might be above or below

their level. This idea, of points outside the linear world in

one case, or of points and lines outside the surface world in

the other, would be an absolutely essential preliminary to

any argument in favour of the possible curvature of a world

of either kind, and therefore of the possible finiteness of

either world. We can only make the analogy complete by

reasoning that possibly there may be points outside what we

call space, thence prove the possible curvature of space,

and so infer the finiteness of space. But the possible

finiteness of space established by the assumption that there

may be points outside of it, is not consoling to those who

find the infinities of homaloidal space dreary; and the
fourth dimension called upon to relieve us from the dreary
infinities of length, breadth, and depth, would only intro-
duce a more awful infinity, just as surface infinity is in-
finitely vaster than linear infinity, and infinity of volume
infinitely vaster than infinity of surface. Fortunately, length,
breadth, and depth are the only conceivable infinities of
space. The fearful quadri-dimensional infinity is as one of
the spirits from the vasty deep over which Glendower
boasted that he possessed controlling power. We may speak
of infinities thus unknown, but, so far as conceiving them
is concerned, ¢they will not come when we do call for them.’
I have said that the very words in which the advocates

of the new ideas respecting space are compelled, not only to
clothe their arguments, but to express their ideas ‘0
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show that those ideas are.geometrically objectionable ; and,
so far as their arguments are concerned, I think I have
proved this. As for their conclusion, it seems only neces-
sary to point out, that to say the extent of space is a finite
number of .cubic miles, is in reality equivalent to saying that
it has a limiting surface : now, the mind is unable to con-
ceive a surface which has not space on both sides of it.
Thus there must, according to our conceptions, be space
outside the surface supposed to include all space—which is
absurd. I may add, though the argument is complete
already, that whether a straight line as defined by Leibnitz
can or cannot, when produced sufticiently far, return to
the point to which it started, it is certain that the straight
line as defined by Euclid cannot do so, nor can the straight
line as conceived by Newton, or probably by any mathe-
matician of geometrical tendencies, For Euclid defines a
straight line as lying evenly between its extreme points ; and
a straight line which extends from one point and after an
enormous journey returns, no matter by what course, to a
point close by its starting-point (not to carry it on to the
starting-point itself) cannot possibly be regarded as lying
evenly between the starting-point and the point close by,
which points are its extremities. And Newton, as we know,
regarded a straight line as produced by the continuous
motion of a point tending continually in one unchanged
direction ; whereas a point which, after—no matter how
long after—leaving a fixed point, is found travelling towards
that point, can certainly not be regarded as travelling in the
same direction all the time, but, on the contrary, its course
must in the interim have changed through four right angles.

But after all, the infinities which surround us—not only
the infinities of time and space, but the infinities also of
matter, of energy, and of vitality, the infinity of the minute
as well as the infinity of the vast—though inexpressibly
awful, are not in truth ‘dreary.’ It is, in fact, in such
infinities alone that we find an answer to the misgivings that
arise continually within us as our knowledge widens. Were
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the universe finite in extent or in duration, the discoveries
by which science is continually widening her domain in
space and time would perplex us even more than they do
at present. We should have to believe in the constant
enormous expenditure of forms of force which there is no
replacing, and whose transmutation to other forms implies a
real waste of energy, if only the total supply of force is
finite. As the action of processes of evolution is more
clearly recognised, and seen to extend over longer and
longer periods of time, we should seem to be continually
tending towards the belief that from the very beginning
there has been only evolution. If time were regarded as
finite, then the vast range of time over which the vision of
science extends would seem dreary indeed, because, so far
as the eye of science extends, no direct evidence of a First
Cause could be perceived. So also of the minute. If men
could really penetrate to the ultimate constitution of matter
—if they could perceive the operations of Nature within
the corpuscles—we should find no means of conceiving how
possibly the seemingly wasted energies of the perceptible
universe may have their use in processes affecting matter
beyond our powers of perception. And it is only by
imagining some such employment of the apparently lost
energies of our universe that we can be led to the belief
that our universe in turn receives constant supplies of energy
from processes lost to our perceptions because of their vast-
ness, as the processes taking place within the ether are lost
to us because of their minuteness. Lastly, were it not for
the infinities which are beyond our powers of conception,
as well as of perception, we should be logically forced, as it
seems to me, into direct antagonism to the doctrine of a
Being working in and through all things and during all time.
For, step by step, knowledge has passed onwards from the
development of leaf and limb to the development of plant
and animals, thence to the development of racesand species,
of flora and fauna, onwards still to the development of the
earth and her fellow-worlds, the development of solax
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Being, is not only unintelligible, but utterly unimaginable ;
and that those who tell us that they can conceive of such a
Being, know not what they say ; but we cannot reject the
doctrine because it is inconceivable, for we have seen that
we cannot reject the doctrines of infinity of time and
infinity of space. Nay, so far are we from being justified
in rejecting the belief in a Supreme Being because we cannot
conceive such a Being, that, on the contrary, no being of
which we could conceive could possibly be the God of the
utterly inconceivable universe. That God must of necessity
be Himself inconceivable., The most earnest believers, as
well as the exactest students of science, can have but fait/ ;
they cannot £now :—

For knowledge is of things we see,
And thou, O Lord, art more than they.
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Now, the great objection raised against modern science
appears to be in the main this, that it enlarges unduly our
ideas of the vastness of God’s domain in space, of the im-
mensity of the time periods during which He acts, and, in
fine, of His inconceivable power and wisdom. We may
admire the wisdom of the Almighty, as shown in the pebble
or the rock, in the flower or in the tree, in the insect or the
animal—nay, we may even so far extend our vision as to
recognise the laws under which a stratum, or a forest, or a
race of animals, perhaps even a continent, or a flora, or a
fauna, had their origin and passed through the various stages
of development. But we must not extend our survey fur-
ther. To see God’s hand in these, His wisdom in the laws
by which they are formed, is to be religious and gaod ; but
to trace His power and wisdom on a larger scale is to be
irreligious and wicked. Evolution on the small scale we
may admit without harm, but to see evolution in the develop-
ment of a world or a world-system, and still more to see evo-
lution throughout the entire universe as revealed to man, this
is ¢ to set God on one side in the name of Universal Evolution.’

Itis unfortunate that those who take this view of the gene-
ral scope of modern scientific research had not been careful
at an earlier date to announce, when admitting the growth of
a tree, a forest, or a flora, of an animal, a race, or a fauna,
according to natural laws, and even explaining (as many of
them did) the wonderful nature of the laws according to which
such growths took place, that they wished it to be clearly un-
derstood that in thus recognising the action of law, they were
rejecting the idea that the Almighty fashioned the plant or
the animal, the forest ot the race, the flora or the fauna, or
indeed aught animate or inanimate, the development of
which man is able to study through all its stages. Because,
if it had been clearly understood that wherever they recog-
nised growth and development as the results of law, they
were assured such results could not possibly be attributed
to the Almighty, science might, perhaps (though it seems
unlikely), have been deterred from researches leading to the
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less,’ as Herbert Spencer has well said, ¢science is anta-
gonistic to the superstitions that pass under the name of
religion ; but not to the essential religion which these super-
stitions merely hide. Doubtless, too, in much of the science
that is current there is a pervading spirit of irreligion, but
not in the true science which has passed beyond the super-
ficial into the profound.’ Or, as Huxley has even more
pointedly remarked, ¢True science and true religion are
twin-sisters, and the separation of either from the other is
sure to prove the death of both. Science prospers exactly
in proportion as it is religious, and religion flourishes in
exact proportion to the scientific depth and firmness of its
basis. The great deeds of philosophers have been less the
fruit of their intellect than of the direction of that intellect
by an eminently religious tone of mind. Truth has yielded
herself rather to their patience, their single-heartedness, and
their self-denial than to their logical acumen.’

But we may fairly go even further than this. We need
not be content to defend, or merely to justify, or even to
laud, science in its relation to religion. We may assert with-
out fear of valid contradiction that the neglect of science is
irreligious. For what is such neglect (where men have time
and leisure for the work) but the refusal to study the works
of the Creator? And in what position, logically, does a man
stand who praises the Creator in words, but declines to
study His creation? ¢ Suppose,’ says Spencer, ‘a writer was
daily saluted with praises couched in superlative language.
Suppose the wisdom, the grandeur, the beauty of his works
were the constant topics of the eulogies addressed to him.
Suppose those who unceasingly uttered these eulogies on
his works were content with looking at the outside of them,
and had never opened them, much less tried to understand
them. What value should we put upon their praises? What
should we think of their sincerity? Yet, comparing small
things to great, such is the conduct of mankind in general
in reference to the universe and its cause.’

The study of science im:plies the belief that God’s works

D



34 FAMILIAR SCIENCE STUDIES.

are worth study, the fullest recognition that the Author of
those works is worthy of our reverence. It is the truest
kind of homage, in that it is n6t homage expressed merely
in words, but homage shown in work, in service, in sacrifice.
The man of science, in fine, refuses to offer to the Almighty
‘the unclean sacrifice of a lie,’ but he offers Him instead (in
the search for truth), the sacrifice of time, of labour, and of
thought. His very questions imply his fullness of faith :—

This is his homage to the mightier powers,
To ask his boldest question, undismayed

By muttered threats that some hysteric sense
Of wrong or insult will convulse the throne
‘Where wisdom reigns supreme,
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A MENACING COMET.,

THE comet which was seen in the southern hemisphere
during the edrlier part of the year 1880 attracted more
attention, when it had passed from view, than it did
during the brief period of its visibility. In fact, when its
movements were considered, it was found to be, in some
respects, one of the most interesting comets ever seen
by man. Views advanced respecting it—not by fancifu
theorisers, but by mathematicians of eminence by nc
means prone to adopt wild and startling ideas— suggest
the possibility, nay, even some degree of probability,
that this comet may bring danger to the solar system.
There is not, indeed, any reason to fear that any violent
shock or sudden collision will disturb the movements of
the sun or of the planets. Astronomy has long since
learned that comets are not to be feared on account of any
direct effects which their encounter with any member of
the solar system could produce. But there are indirect
effects whichy while leaving the sun and every member of
_ his family unchanged in position and undisturbed as to
their motions, would seriously affect all creatures living on
our earth and whatever other planets may at the present
time be inhabited. It is the possibility that hereafter, and
perhaps at no very distant period, the comet of 1880 may
produce such effects as these, that I have now to discuss. I
may remark that most of the considerations which I shall
here present have been suggested to me since I discussed
the subject in my lectures in Australia and the United

States. .
D2
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was recognised long before that planet had traversed even
a tenth of its circuit ; while the orbit of Neptune has formed
one of the items in our books of astronomy for the last
quarter of a century, though even now the planet has not
traversed a quarter of its orbit since first discovered.
But as a matter of fact the astronomer is often quite
unable to determine the position of the remoter parts of
a comet’s orbit, while he may have very satisfactory know-
ledge as to the position of the part nearest to the sun,
For, most of the larger comets travel on paths of great
eccentricity. Now, the sun occupies that focus of a
comet’s path which lies nearest the part of the path where
the comet is seen, and the comet moves with great velocity
round this part of its path, changing its position with respect
to the sun very quickly. If we could determine either the
exact shape of this part of the path, or the exact velocity of
the comet’s motion at any point of it, we should be able to
infer the shape of the whole path. But a very slight error
in determining the position of the comet on any day, caus-
ing a correspondingly small error in determining, either
the shape of the orbit near the sun, or the comet’s velocity
in that orbit, will introduce a very large error in the esti-
mated position of the remoter parts of the comet’s path.
As the comet’s head has not, like a planet, a well-defined
disc, and the nucleus is generally irregular in shape, it be-
comes difficult to determine the exact position of the centre
of gravity. Then the comets of most eccentric orbit re-
main for a short time only in view. Thus the periods of
most of those comets have not been satisfactorily deter-
mined, and it is no unusual thing to hear that one eminent
mathematician (Oppolzer, for instance) has assigned a
period of seven or eight thousand years to a comet, while
another of equal skill (Hind, let us say) has assigned to the
same comet a period of only seven or eight hundred years,
or perhaps a period of seventy or eighty thousand.

The comet of 1843 affords a striking example of such
diversity of opinion. The most careful investigation of
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took place on January 27 this year; and he finds a very
close agreement with the places given by Mr, Gill. Again,
Mr. Hind, in a letter addressed to one of the secretaries
of the Astronomical Society of London, says : ¢ Professor
Winnecke, judging from a comparison of the places deduced
from the orbit of the great comet of 1843 with Gould’s
position on 4th February, and Gill's later rough ones,
appears to be of opinion that the identity of the comets of
1843 and 1880 hardly admits of a doubt’ And lastly,
Dr. Gould, of Cordoba, from the positions observed by him-
self on February 6, 12,and 18, deduces a set of elements
agreeing closely with those found by Mr. Hind, ¢ and bear-
ing a striking resemblance to those found by Hubbard for
the comet of 1843.’

But the result thus apparently established is so remark-
able and (as will presently appear) so important in its bear-
ing on our views respecting the future of the comet or
comets in question, that we must pause to consider a little
more closely the evidence bearing upon it. We shall find
that a part of this discussion of the evidence bears also on
the results which the movements of the comet may be ex-
pected to bring about.

In the first place, it is to be remembered that Hubbard’s
value of the period of the comet of 1843 is that which on the
whole accords best with the observations. Hubbard himself
called special attention to the large changes which might be
made in the period without doing actual violence to the
observations. He showed that a period of 175 years, for
instance (taking that period because there was and is some
reason for regarding the comet of 1843 as identical with
that of 1668), will accord very fairly with the observations.
Dr. Gould goes a little further, and shows that the period of
37 years, which is at present chiefly in question, involves no
important correction of any single observation made on the
comet of 1843. But still a period of over 500 years was
certainly indicated by the evidence then obtained ; and
while a period of 200, or 175, or 150 years, may be ad-
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supposed to be identical with that of 1843, and so has that
of 1702, about which, however, very little is known. Dr.
Gould also considers that the comet of 1538 may have been
the same comet which was seen in 1843 ; and he asks
whether the observations of the second comet of 1806 may
not be compatible with the orbit of that comet. But we
can certainly reject the second comet of 1806 (the first is
out of the question) as having had a very different orbit.
We may also reject the comet of 1702. Mr. Hind says he
can say with confidence that the comet of 1695 cannot be
the same body as the comet of 1843. The comet of the
year 1668 is the only one which can be regarded as moving
in the required orbit.

Now, although it is likely enough that a comet moving
in so eccentric an orbit as that along which the comet of
1843 travels, might escape detection at any particular re-
turn to the sun’s neighbourhood, yet we can hardly imagine
that it would be unseen for so long a period as 175 years
(from 1668 to 1843), if it really completed the circuit of its
orbit in 37 years. It must be remembered that the comet
of 1843 was a very remarkable object. Not only had it
a tail of amazing length (sixty-five degrees on the heavens,
and 150 millions of miles in actual length), but its head was
exceedingly brilliant ; insomuch that it was seen as a bright
body within less than two degrees (about four sun-breadths)
from the sun. It is true that the comet of the year 1880
was not nearly so striking in appearance. ¢ No nucleus was
at any time seen,” says Dr. Gould, ‘the head appearing
cloudlike and filmy and elongated in the direction of the
tail, which it did not very much surpass in brightness.” He
remarks on the great faintness of both tail and head and the
inordinate length of the tail, which was thirty-five degrees
long on 2nd February, and thirty-seven degrees long when
last seen on 14th February, when it was seen with great
difficulty, and was nearly of the same brightness throughout
its length. It was brightest on 7th or 8th February, when
its length was about forty degrees and its greatest breadth
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they really are the same object, but that the period, formerly
long, has been reduced to 37 years, and may be reduced
still further. At any rate, this view must be regarded as
worthy of consideration, if it shall appear that there is any-
thing in the circumstances under which the body travels
which might lead to a great diminution of its period.

The idea that the comet of 1880 may be identical, not
only with that of 1843, but with that of 1668, the period having
been reduced from 175 years to 37, was suggested at the’
Astronomical Society in April 1880 by Mr. Marth, a mathe-
matician of great skill, and well known for the zeal with
which he attacks problems relating to the movements of the
satellites of Saturn and Mars. He says :—

Supposing the comet of 1843 is the same as that of 1668, it would
not be very wonderful that it should reappear after 37 years instead: of
175 years. The velocity of a body moving in the solar system depends
simply on its distance from the sun and on the period of revolution.!
If the velocity is reduced by a resisting medium, there will be a reduc-
tion of the period, and there is nothing whatever unreasonable in the
supposition that, however weak the corona may be, its resistance would
have a very great effect upon the motion of a comet which rushes
through it : so that I should not be at all surprised if it should turn out
that this comet of 1880 is the same as the comet of 1843 and that of

1668, and that its revolution has been so much affected that possibly it
may return in, say, seventeen years.

Now, if this theory of the comet of 1880 be the true
one, we are somewhat more nearly interested in the matter
"than we are in most theories respecting comets. If
already the comet experiences such existence in passing
through the corona when at its nearest to the sun that its
period undergoes a marked diminution, the effect must of
necessity be increased at each return, and after only a few
—possibly one or two—circuits, the comet will be absorbed
by the sun. It will be remembered that Sir Isaac Newton
recognised the possibility that this might happen to a comet

! T have altered the wording here and further on, in such a way as
to avoid the use of technical expressions, but without altering the sense
of the passage,
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that I consider there is absolute danger of a similar outburst
in the case of our own sun when the comet of 1843 shall
be absorbed by him (a result which will, in my opinion,
most certainly take place), I will go so far as to express my
belief that if ever the dayis to come when ‘the heavens
shall dissolve with fervent heat,’ the cause of the catastrophe
will be the downfall of some great comet on thesun. I
believe the passage even of the head of a comet over the
earth would do little harm, for the simple reason that the
velocity with which the meteoric masses forming the head
would travel at the earth’s distance from the sun would be
too small to lead to any very mischievous result. If the
shower of meteoric masses were very dense, the meteors
themselves being of the larger sort and so able to break
their way through the earth’s atmosphere, the shower might
kill a few of the earth’s inhabitants, or even many hundreds.
But there would be no widespread destruction of life. It
would be altogether otherwise, I believe, if a comet of
the larger sort fell into or were absorbed by the sun.
The danger would lie in the sun’s own might, not in the
comet or its attendant train. The bodies forming the
head, nucleus, and train of the comet, would fall in im-
mense numbers with enormous velocity, and each with
mighty momentum on the sun’s fiery surface. Possibly
(in my opinion, probably) their most destructive work
would be accomplished below that surface, under the
still more stupendous! attractive energy of that smaller
because more condensed orb within, which I take to be the
true ruling centre of the solar system. It might well be
that the effects thus produced would be but transient. Ina

! In one sense the attractive energy of the sun is the same, whether
his globe is as large as it appears to be or is enormously condensed
near the centre, But there is far greater potential energy in a con-
densed sun than in a rarer sun of the same mass. At the visible sur-
face of the sun, solar gravity is some 29 times that at the surface of the
earth ; but if the entire mass of the sun were (for example) contained
in a globe no larger than the earth, gravity at the surface of such an
orb would be no less than 324,000 times greater than terrestrial gravity.
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few weeks, possibly in a few days or even hours, the sun,
excited for a while to intense heat and splendour, would
_ resume his usual temperature, his usual lustre. Such, in-
deed, was the nature of the change which affectéd the so-
called ‘new star’ in the Northern Crown. For a day or
two it shone out with several hundred times its usual lustre,
and doubtless it poured forth during those few days several
hundred times its usual heat. Then gradually its fires
cooled, its lustre diminished, and after a few weeks had
passed it shone as it had shone before for hundreds of years,
with the lustre of a ninth magnitude star only. But it is
certain that, if there are planets circling around that remote
sun, and if the ordinary light and heat of that orb sufficed
for the requirements of the inhabitants of those orbs, the
abnormal light and heat during the outburst in 1866 must
have destroyed all living creatures from the face of each one
of those worlds. It is equally certain that, if at any time a
great comet falling directly upon the sun should, by the
swift rush of its meteoric components, excite the frame of
the sun to a lustre far exceeding that with which he at
present shines, the sudden access of lustre and of heat
would prove destructive to every living creature, or at any
rate to all the higher forms of life upon this earth. And
though in a few days the sun might resume his ordinary
lustre, and no longer glow with abnormal heat, he would pour
his rays on a family of worlds in which not one of the higher
forms either of vegetable or animal life would remain in
existence.



METEORIC DUST.

Mr. A. C. RANYARD, secretary of the Astronomical
Society, has recently called attention to the evidence which
our earth’s surface affords of her passage through meteoric
systems, Meteoric dust has been collected on the summits
of snow-covered mountains. In the snows of Scandinavia
and Finland, or those lying far within the Arctic circle,
hundreds of miles from any human habitation, particles
of meteoric iron have been found. Iron dust has been
gathered in ice-holes in Greenland. Nay, in matter raised
from the bottom of deep oceans magnetic particles have been
detected, which must have been deposited there recently,
and can no otherwise have come there but from the air
above those oceans, nor have reached that air except from
interplanetary space. It is true that all this might have
been confidently foreseen. We know in other ways that
meteoric matter is constantly falling upon the earth. Yet
there is a strange interest in the actual recognition of this
cosmical dust. What Humboldt said of the larger meteoric
masses which have fallen visibly upon the earth from inter-
planetary space is true (with slight change) of these more
subtle signs of the earth’s passage through cosmical dust :—
¢ Accustomed to know non-telluric bodies solely by measure-
ment, by calculation, and by the inferences of our reason,
it is with a sense of wonder that we touch, weigh, and sub-
mit to chemical analysis metallic and earthly masses apper-
taining to the world without.’

I have had occasion, in discussing the shooting stars of
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long while be derived chiefly from the study of those
meteors which actually reach the earth either as aerolites, as
fireballs, or as shooting stars. In other words, our more in-
timate knowledge of meteors must be limited to those few
meteoric systems which cross the ring of space traversed by
the earth in her annual motion around the sun. How ex-
ceedingly minute the number of systems thus encountered
must be when compared with the total number (even sup-
posing the distribution uniform, instead of being, as it
probably is, far denser near the sun than at the earth’s dis-
tance) can be inferred from the consideration that if the
earth’s track—that is, the ring of space swept by her whole
body and its atmospheric envelope—were represented by a
circle of wire a yard in diameter, the thickness of the wire
would be less than 1-60oth part of an inch. Remembering
this, and also that it is not the whole even of this relatively
fine ring in space which is occupied by observers of meteors
at any given instant, but only the minute portion of it which
the earth at that instant occupies ; that the meteors which
fall on the sunlit half of the earth are never seen, unless
now and then an exceptionally large mass forces its way
through the earth’s atmospheric envelope ; that on the dark
or night half of the earth few are on the look-out for
meteors—we perceive that our knowledge of the meteoric
systems in the solar domain must long remain exceedingly
imperfect, nay, by comparison with the real vastness of the
subject, must be all but evanescent.

But the same considerations which might well make
astronomers despair of mastering this difficult subject en-
hance our wonder at the facts actually ascertained respecting
meteor systems encountered by the earth. Already we
have evidence that in her circuit round the sun she encoun-
ters more than 200 meteor systems, or, more strictly, that
she passes through the orbits of so many systems. Again,
from calculations based on the average number of shooting
stars observed per hour at single stations, Professor Newton,
of Yale College, United States, has estimated that in a

E
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hemisphere of the earth, and for the fact that nearly all the
peninsulas taper towards the south. This excess of northern
meteoric downfall must of necessity bear a very small pro-
portion to the total downfall. For it is certain that nearly
all the meteoric families travel in closed orbits around the
sun. It has, indeed, never been proved that any now come
from interstellar space, though probably some do. Of those
that do visit our solar systems from without, rather more
would salute the northern than the southern hemisphere of
the earth, simply because the solar system pursues a some-
what northerly course in its journey through interstellar
space. But manifestly, if a small proportion only of our
meteoric visitants come from outside the solar domain, and
among such visitors those from the north exceed those from
the south in a certain degree only, the actual excess of
meteoric downfall on the earth’s northern hemisphere over
that on the southern must be very slight compared with the
total meteoric downfall. But even the total downfall would
not at its present rate, or even at the present rate increased
a thousandfold, cause the earth’s crust to grow appreciably
in the lapse of ages—understanding by ages thousands of
years. It has been shown by Professor Alexander Herschel
that the average weight of shooting stars visible to the eye
must be estimated rather by grains than by ounces, and the
telescopic shooting-stars which form nine-tenths of the total,
according to Professor Newton’s estimate, are of course
far smaller. But assigning even to each meteor a weight of
1lb.—an utterly inadmissible estimate—let us consider at
what rate the earth’s crust would grow. The earth has a
surface of 200 million square miles, and about 400 million
meteors fall upon it per annum. That gives two meteors,
or 2lb. weight of matter, added to each square mile in a
year. There are more than three million square yards in a
square mile, so that 1,500,000 years would be required at
the present rate of meteoric downfall to add 1lb. of meteoric
matter to each square yard of the earth’s surface. Such
added matter, uniformly spread over the surface, would be
E2
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utterly inappreciable so far as the thickness of the earth’s
crust is concerned. In a thousand millions of years at that
rate, which far exceeds the real rate, the crust of the earth
would not be increased in thickness by a single foot. The
excess of increase in the northern hemisphere would not be
one foot in a billion of years. We must assuredly look to
some other cause for the preponderating mass of the conti-
nents in the northern hemisphere.

So, also, of the suggested addition of large quantities of
gas to our atmosphere. Doubtless some meteors carry
many times their own volume of occluded gas, and as they
are vaporised during their rush through the air this gas is
given off. Very important effects may result from this pro-
cess, since relatively minute additions of gaseous matter to
our atmosphere may sensibly affect creatures which depend
on that atmosphere for their existence. But that atmo-
spheric pressure can be sensibly modified from day to day,
or in longer intervals, by the addition of gases occluded in
meteors, the entire annual supply of which, if wholly gaseous
and if all added in a single instant, would not increase the
height of the barometer by a hair’s breadth, is a proposition
physically inadmissible. We need not care, however, to
consider doubtful details such as these, where the general
relations involved and the conclusions which admit of being
demonstrated are so important and so interesting as those
involved in the recent discoveries of meteoric astronomy or
deducible from them,
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BIELA’S COMET AND METEORS.

IT was expected by astronomers that some time during the
week ending November 30, 1879, the earth would pass
through a flight of meteorites following in the track of one
of the most remarkable comets ever discovered by astro-
nomers. In 1878 it had been thought not improbable that
there might be such a display, though the earth crossed the
comet’s path (or passed very near to it) before the head of
the comet had passed the crossing point ; but in 1879 a dis-
play was far more confidently expected, because in the
interval the comet had passed that point, and the earth
passes through the train of the comet not very far behind
‘the head. Yet there were circumstances connected with
this comet which, while greatly enhancing the interest of the
expected display, rendered astronomers doubtful on what day
it was likely to occur, what would be its nature, and in what
parts of the earth it might be most favourably seen.

In the first place, the comet itself is in that list of missing
comets at the head of which stands Lexell’s, the famous lost
comet of 1778. Discovered in 1826 by Biela, whose name
it bears (though according to the customary arrangement it
should be called Gambart’s, after the astronomer who first
calculated its orbit), it was seen again in 1832, returned in
1839, but was not seen because its course in the heavens
passed too near the sun’s place, was seen in 1846, and again
in 1852, for the last time. Whether it returned in 1859 in
such a form that, under favourable conditions, it would
have been visible is not known, for the conditions were as
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still more confident about its motion. So far, indeed, as
its orbital movement was concerned they were so, and the
calculated path for the next return in 1852 was given with
a degree of precision not before equalled, though surpassed
for the next (observable) returns in 1866, when, however, as
we have said, the comet was not detected.

But secondly, the accident just referred to and the sub-
sequent loss of the comet have suggested doubts as to the
nature of the meteor shower to be expected when the earth
passes through its track. Every year when the earth passes
—about August 11—through the track of the comet of 1862
shooting stars belonging to the comet’s train, the so-called
Perseids, may confidently be looked for. In the case of the
November meteors called Leonides, which must not be con-
founded with the November meteors following Biela’s comet,
astronomers are equally confident that for several years after
the head of Tempel’s comet (the second of the year 1866)
has passed our way, there will be a shower of shooting stars
on the night of November 13-14. But that is chiefly be-
cause we have no reason to suspect that either of these
* comets is likely to be dissipated. The case is different with
Biela’s comet. In 1846, when Sir John Herschel said ‘all
seemed to be going on quietly and comfortably,” this comet
was suddenly found to have become divided into two distinct
comets, ‘each with a head and coma and a little nucleus of
its own.” When the change happened is not known. It
may readily have escaped attention for some time. In fact,
we know that the change had occurred before it was de-
tected in Europe. For on January 13, 1846, Lieutenant
Maury, of the Washington Observatory, reported officially
that the comet was double ; while Professor Wichmann,
who had a good view of the comet on the 14th, did not
then detect its duplicity, though on the following night, in-
dependently, of course, of any information from America,
he saw that the comet was divided. ¢What domestic
trouble caused the secession,” says Herschel quaintly, ‘it is
impossible to conjecture ; but the two receded further and
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pass through the tail, however, but through the track of
Biela’s comet in November 1872, and there were reasons
for believing that a display of shooting stars would be seen
during the last week of November or the first in December.
I invited general attention to the matter, and wrote towards
the end of October 1872 :—

¢ There will probably be a display of meteors following the track
of Biela’s comet’ (which, though unseen, must have crossed the earth’s
path early in September). ¢ At any rate, the skies should he carefully
watched. The shower of meteors (should any occur) will fall in such
a direction that shooting stars might be looked for at any time of the
night. Those belonging to Biela’s comet could be very readily distin-
guished from others, because their tracks would be seen to radiate from
the constellation Cassiopeia. So that should any one observe, on any
night between November 25 and December 5, a shooting star following
such a track, he will have the satisfaction of knowing that in all proba-
bility he has seen a fragment or follower of a comet which has divided
into two, if not three, distinct comets, and has followed up that process
of dissipation by dissolving altogether away.’

The predictions thus made in 1872 might have been re-
peated with more confidence, under somewhat similar condi-
tions, in 1879, for in 1872 they Were abundantly fulfilled. On
the night of November 27, 1872, there was a very remarkable
display of shooting stars. Professor Grant, of the Glasgow
Observatory, counted that evening between gh. 3om. and 11h.
som. no less than ro,579 meteors. Four observers in Italy,
parcelling out the heavens between them, counted in 6} hours
33,400. The greatest number were seen between 7h. and
oh., and between 6h. 35m. and 6h. 56m. the whole of the
sky around the region whence the meteors radiated seemed
occupied by a meteoric cloud. This region was in that part
of the constellation of Andromeda where the feet of the
Chained Lady are supposed to be, and near enough to the
part of Cassiopeia whence attendants of Biela’s comet
should radiate, to leave no doubt that these werereally fol-
lowers of that dissipated object. Indeed, Professor Grant
found that the meteors of longest track radiated from Cassi-
opeia. Then came one of the strangest episodes of this
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exactly by mathematicians provided with more complete
materials for effecting the necessary computations. We may
reject altogether the idea that it was a portion of the comet
itself, as distinguished from its train of meteoric attendants,
which was traversed by the earth on November 27, 1872,
or watched by Pogson on December 2 and 3. If the
meteoric train of the comet is dense enough to be visible,
in retreat, after producing a shower such as that of Novem-
ber 27, it should be worth while to look out for it as it
approaches. The clouds seen by Pogson in the early morn-
ing of December 2 and 3, 1872, retreating southwards,
would certainly have been seen during the whole of the
night for a week or two before the display of November 27,
approaching from the north, This, indeed, is the only way
in which a meteor stream can be expected to be seen by
reflected sunlight—namely, by looking for it when greatly
foreshortened.

The moon was nearly full on the night when the display
was expected, and few meteors were seen. Probably had
the night been dark and clear, many more—possibly thou-
sands—would have been seen, but unquestionably the dis-
play would not have been what was anticipated.
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assume from time to time the square-shouldered aspect, a
change which—to be discernible from our distant standpoint
—would imply the expansion and contraction of whole zones
of Saturn’s surface through 4000 or 5000 miles at least;
yet it is better to believe, it would seem, that these stupen-
dous changes have affected the solid crust of a planet like
our earth, than to admit the possibility that the outline we
measure is not that of the planet itself, but of layers of
cloud raised to a vast height in the deep atmosphere sur-
rounding a planet still glowing with its primeval fires.

The phenomena I am now about to consider belong to
the same category. They are utterly inexplicable, or only
explicable by the most sensational assumptions as to the
processes taking place on Jupiter, if we adopt the old theory
of Jupiter’s condition ; while if we regard Jupiter as an
intensely-heated planet surrounded by and entirely con-
cealed within a cloud-laden atmosphere several thousand
miles in depth, they at once admit of the most simple and
natural explanation.

It has, of course, long been known that the belts of
Jupiter are phenomena of his atmosphere, not of his surface.
The belts of lightest tint have been regarded as belts of
cloud, and the darker belts as either the real surface of the
planet seen between the cloud-belts, or else as lower cloud-
layers, appearing darker because in shadow. Accordingly,
when features of the belts have been watched in their rota-
tional circuit, it has been clearly recognised that the rotation
determined in this way is not necessarily or probably the
true rotation of the planet itself. Further, it has been
proved, beyond all possibility of question, that some at least
among the spots upon the planet’s belts have a motion of
their own ; for whenever two spots in different Jovian lati-
tudes have been observed, it has been almost constantly
noticed that the one nearer the Equator has had a greater
rotation rate than the other. Again, it has sometimes
happened that instead of two spots, in different latitudes, a
well-defined dark streak or opening, having its two extremi-
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per day, or 151 miles per hour, the two extremities of the
belt remaining constantly on the same parallels of latitude.
The belt also. became gradually darker and broader.’ !

Apart from the evidence afforded by this rift respect-
ing the swift motions of the cloud-masses enwrapping Jupiter
(for a velocity of 151 miles per hour exceeds that of the most
tremendous hurricanes on our earth), it has always seemed
to me that this one series of observations should suffice of
itself to show that the phenomena of Jupiter’s cloud-laden
atmosphere are not due to solar action. For the rift itself
continued, and the changes affecting it continued, whether
Jovian day was in progress or Jovian night. For one hundred
Jovian days or more, and for one hundred Jovian nights,
the great cloud-masses on either side of the rift remained
in position opposite each other, slowly wheeling, but still
continuing face to face, as their equatorial ends rushed on-
wards at a rate fourfold that of a swift train, even measuring
their velocity only by reference to the ends remote from the
equator, and regarding these as fixed. Probably the cloud-
masses were moving still more swiftly with respect to the
surface of the planet below.

Of course, it is just possible that a great dark rift, such
as I have just described, might appear thus to change in
position without any actual transference of the bordering
cloud masses. Mr. Webb, speaking of a number of pheno-
mena, of which those presented by the great rift of 1860
are but a few, says that ¢ they prove an envelope vaporous and
mutable like that of the earth, without, however, necessarily
inferring’ [? implying] ‘the existence of tempestuous
winds : even in our own atmosphere, when near the dew-
point, surprising changes sometimes occur very quietly : a
cloud-bank observed by Sir J. Herschel, 1827, April 19,
was precipitated so rapidly that it crossed the whole sky
from east to west at the rate of at least 300 miles per hour ;

! Two pictures of this belt—as seen March 12, 1860, and April 9,
1860—will be found In my article on ¢ Astronomy,’ in the Encyclopedia
Britannica, vol. ii. p. 808,
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spheric belts can only be formed where there are differences
of rotational velocity. In the case of our own earth we
know that the trade-wind zone and the counter-trade zone
owe their origin to the difference of absolute rotational velo-
city between the equatorial parts of the earth and parts in
high latitudes. In the case of Jupiter the difference of this
kind is not sufficient to account for the observed belts,—
partly because there are many, partly because they are
variable, but principally because Jupiter is so much larger
than the earth that much greater distances must be traversed
in passing from any given latitude to another where the
rotational velocity is so many miles per hour greater or less.
Combining with these considerations the circumstance that
the solar action which causes the atmospheric movements
from one latitude to another, in the case of our earth, is re-
duced to one twenty-seventh part only of its terrestrial
value, in the case of Jupiter, we must clearly look to some
other cause for the difference of absolute rotational velocity
necessary to account for the belts of Jupiter.

Now, it seems to me that we are thus at once led to the
conclusion that the cloud-masses forming the belts of Jupiter
are affected by vertical currents, uprushing motions carrying
them from regions nearer the axis, where the absolute
motion due to rotation is slower, to regions farther from the
axis, where the motion due to rctation is swifter, and
motions of downrush carrying them from regions of swifter
to regions of slower rotational motion. This view seems
certainly encouraged by what we find when we come to
study more closely the aspect of the Jovian belts. The
white spots—some small, some large—which are seen to form
from time to time along the chief belts, present precisely the
appearance which we should expect to find in masses of
vapour flung from deep down below the visible cloud-surface
of Jupiter, breaking their way through the cloud-layers, and
becoming visible as they condense into the form of visible
vapour in the cooler upper regions of the planet’s atmo-

F
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of Jupiter with high telescopic powers has from time to
time perceived.!

That these egg-shaped clouds are really egg-shaped—
not merely oval in the sense in which a flat elliptic surface
is oval—is suggested at once by theiraspect. But it is more
distinctly indicated when details are examined. It appears
to me that considerable interest attaches to some observa-
tions which were made by Mr. Brett, in April, 1874, upon
some of the rounded spots then visible upon the planet’s
equatorial zone. It will be thought that I am disposed, as
a rule, to place too much reliance upon the observations
and theories of Mr. Brett, seeing that on more than one
occasion I have had to call attention to errors into which, in
my judgment, he has fallen. For instance, I certainly do
not think he has ever seen the solar corona when the sun
was not eclipsed, though I have no doubt he saw what he
described, which he supposed to be the corona, but which
was in reality not the corona. Nor, again, do T accept
(though I do not think it worth while to discuss) his theory
that Venus has a surface shining with metallic lustre, and
is surrounded by a glassy atmosphere ; though in that case,
again, his description of what he saw may be accepted as it
stands, and all that we need reject is his interpretation
thereof. In the case of Jupiter's white spots, Mr. Brett’s
skill as an artist enables us to accept not only his observa-
tions, but his interpretation of them, simply because the in-
terpretation depends on artistic, not on scientific, considera-
tions.

! Webb thus describes the egg-shaped clouds :—¢ Occasionally the
belts throw out dusky loops or festoons, whose elliptical interiors,
arranged lengthways and sometimes with great regularity, have the
aspect of a girdle of luminous egg-shaped clouds surrounding the globe.
These oval forms, which were very conspicuous in the equatorial zone
(as the interval of the belts may be termed) in 1869-70, have been secen
in other regions of the planet, and are probably of frequent occurrence.
The earliest distinct representation of them that I know of is by Dawes,
1851, March 8, but they are perhaps indicated in drawings of the last
century.’

F2
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concealed ; whereas if they are shadows their boundaries
are so soft and undefined as to lead to the conclusion that
they are cast upon a semi-transparent body, which allows
the shadow to be seen indeed, but with diminishing distinct-
ness towards its edge, according to the acuteness of its
angle of incidence. Either explanation of the phenomenon
may be the true one, but they both lead to the same con-
clusion, viz., that neither the dark belts nor the bright ones
are opaque, and that if Jupiter has any nucleus at all it is
not visible to us. It is obvious that the phenomena I have
described would not be visible at the time of the planet’s
opposition, and the first occasion on which I noticed it was
the night of the 16th of April last.’

This reasoning, so far as it relates to the laws of light
and shade and shadow, is of course altogether sound. Nor
are there any points requiring correction which in any
degree affect the astronomical inferences deducible from
what Mr, Brett actually saw. I may note that somewhat
later Mr. Knobel observed the shadow of white cloud-
masses, and as the shadow had not so much greater a length
at that time, two months from opposition, as it had when
the planet was much nearer opposition, he infers that the
true explanation of the appearance has hardly been found.
He appears to have overlooked the fact that the assumption
made in the explanation is not that Jupiter has a semi-trans-
parent atmosphere always equally translucent and penetrable
to the same depth by the solar rays. When the shadow was
shorter than it should have been, had the atmosphere been
in the same condition as when Mr. Brett made his observa-
tion, it is probable that a layer of clouds interrupted the
rays, and thus the shadow was much closer to the cloud-
mass throwing it than it would have been had that layer not
been there. Mr. Knobel's paper contains very striking
evidence of the variability of Jupiter’s atmosphere, or rather
of the clouds which float in it. ¢ The greater distinctness
of the satellites when near the edge,” he says, ¢is a curious
phenomenon which has been repeatedly observed by astra-
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words, the intense heat of Jupiter's real globe. As to the
actual depth of the semi-transparent atmosphere in which
these cloud-layers and cloud-masses float, it would be diffi-
cult to express an opinion. We do not know how many
cloud-layers there are, how thick any cloud-layer may be,
how great may be the depth of the vast rounded masses of
cloud whose upper surface (that is, the surface remotest
from Jupiter’s true surface) we can alone see under favour-
able conditions. But we can indicate a minimum than which
the atmosphere’s depth is probably not less ; and from all
the observations which I have examined as bearing on this
point, I should be disposed to assign for that minimum at -
least 60oo miles. I am strongly of opinion that in reality
the depth of the Jovian atmosphere is still greater. I can-
not doubt that Jupiter has a solid or liquid nucleus, though
this nucleus—glowing, as it must be, with a most intense
heat—may be greatly expanded, yet I should conceive that,
with the enormous attractive power residing in it, containing
as it must nearly the whole mass of the planet, its mean
density cannot be less than that of the earth. Now a globe
of the mass of Jupiter, but of the same mean density as our
earth, would have one-fourth of Jupiter’s volume—the mean
density of Jupiter, as at present judged, being equal to one-
fourth that of the earth. The diameter therefore of such a
globe would be less than the present diameter of Jupiter in
the proportion that the cube root of unity is less than the
cube root of 4, or as 1 is less than 1°5874. Say roughly
(remembering that the atmosphere of Jupiter must have a
considerable mass) the diameter of Jupiter's nucleus would,
on the assumptions made, be equal to about five-eighths of
his observed diameter, or to about 53,000 miles. This is
less than his observed diameter by about 22,000 miles, or
the radius of his nucleus would be less than his observed
radius by about 11,000 miles, which therefore would be the
probable depth of his atmosphere.

But we have still to consider the velocities with which
rounded masses of cloud travel in the very deep atmosphe
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cast any doubt on the accepted rotation of the planet.’
However, his observations are all the freer from the bias of
preconceived opinions. ¢ There were several peculiarities
about these two spots,’ he says, ‘which seemed to me to
give them an eminent claim to attention. They occurred
very near to the equator, and were very well defined, and
free from entanglement with other markings—an advantage
which they have maintained with singular uniformity through-
out the period mentioned ; but the special peculiarity to
which attention is asked is that during an interval of five
days they remained in the same relative position without
any variation whatever. Their stability in respect of lati-
tude during those five days is undoubted ; but the question
is whether or not they were equally stable in longitude.
This remark only applies to the first five days of the series,
because at the end of twelve days a certain deviation was
obvious. The distance between the two spots occupied
about 42 degrees of Jovian longitude, or about 33,000
miles. Their diameter was nearly equal, being estimated at
about one-fourteenth of the planet’s diameter, or 6310
miles. The interval of time between these first two obser-
vations ‘was 119 hours,—that is to say, twelve rotations of
the planet according to Airy’s determination, during which
time their distance apart and their latitude remained con-
stant.’ Between the first and second observations the two
spots had gained ‘44 m. 6s. in time. Assuming Airy's
rotation, viz.,, 9 h. 55 m. 21 s., the spots have gained on
the planet’s surface at the rate of 4 m. 2 s. in each revolu-
tion.’

Between the second observation and the third ‘there
was an interval of seven days, or seventeen rotations of the
planet ; and the same two spots turn up again somewhat
earlier than the calculated time. It unfortunately happens,’
proceeds Mr. Brett, ¢ that on this occasion their configuration
had undergone some change ; but their dimensions and the
distance between them remain very much as before. The
most important circumstance respecting them is, that their






MOVEMENTS OF FUPITERS CLOUD-MASSES. 75

reality the only inference we can form is, that the rotation-rate
derived from some spots is different from the rotation-rate
derived from others, and that some spots (if not all) are
certainly not constant in position with respect to the solid
nucleus of the planet. That the spots observed by Airy,
Midler, and others, should have indicated a slower rate of
rotation than those observed by Mr. Brett may fairly be
ascribed to the fact that the former were at some distance
from the equator, while these last were nearly equatorial.
For matter thrown up from the equatorial parts of the true
surface of the concealed planet would manifestly differ less
in velocity from the superior ambient atmosphere into which
they were driven than would masses expelled from higher
latitudes. (It is probable that the same explanation applies
also in the case of the sun.)

This conclusion, that the spots of Jupiter have rapid
rates of relative motion, would of itself be of singular
interest, especially when we remember that the larger white
spots represent masses of cloud 5000 or 60ooo miles in dia-
" meter, That such masses should be carried along with
velocities so enormous as to change their positions relatively
to each other, at a rate sometimes of more than 150 miles
per hour, is a startling and stupendous fact. But it appears
to me that the fact is still more interesting in what it suggests
than in what it reveals. The movements taking place in
the deep atmosphere of Jupiter are very wonderful, but the
cause of these movements is yet better worthy of study.
We cannot doubt that deep down below the visible surface
of the planet—that is, the surface of its outermost cloud-
layers—lies the fiery mass of the real planet. Outbursts,
compared with which the most tremendous volcanic explo-
sions on our earth are utterly insignificant, are continually
taking place beneath the seemingly quiescent envelope of
the giant planet, Mighty currents carry aloft great masses
of heated vapour, which, as they force their way through
the upper and cooler strata of the atmosphere, are converted
into visible cloud. Currents of cool vapour descend towards
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the surface, after assuming no doubt vorticose motions, and -
sweeping away over wide areas the brighter cloud-masses, |
so as to form dark spots on the disc of the planet. And
owing to the various depths to which the different cloud-
masses belong, and whence the uprushing currents of heated
vapour have had their origin, horizontal currents of tremen-
dous velocity exist, by which the cloud-masses of one belt
or of one layer are hurried swiftly past the cloud-masses of
a neighbouring belt or of higher or low cloud-layers. The
planet Jupiter, in fact, may justly be described as a miniature
sun, vastly inferior in bulk to our own sun, inferior to a
. greater degree in heat, and in a greater degree yet in lustre,
but to be compared with the sun—not with our earth—in
size, in heat, and in lustre, and, lastly, in the tremendous
energy of the processes which are at work throughout his
cloud-laden atmospheric envelope.

It may be added that Mr, Todd, a well-known observer
of Adelaide, New South Wales, has been able to trace the
motions of satellites behind the parts of the planet near the
edge, or, in other words, #4roug’ those parts of the planet’s
atmosphere which have hitherto been regarded as belonging
to the mass of the planet itself. Mr. Ellery of Melbourne
also saw a sixth-magnitude star in February, 1879, througha
portion of what seemed to be Jupiter’s globe, but in reality
was but the deep cloud-laden atmosphere.
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THE ORIGIN OF THE WEEK.,

¢ IT may be assumed, with I&eler, that the week has originated from
the length of the synodic months, . . . and that references to the
planetary series, together with planetary days and hours, belong to
an entirely different period of advanced and speculative culture.’—
HuMBOLDT (Cosmos).,

I HAVE considered in my essay on the Sabbath! the origin
of the seventh day’s rest. The origin of the week, or time-
measure of seven days, is a different matter, though of course
associated with the question of the Sabbath. The obser-
vance of a day of rest once in each week may or may not
have synchronised with or quickly followed the recognition
of the week as a measure of time, but it certainly was not
a necessary adjunct to the week. I propose now to con-
sider how the week probably had its origin, presenting, as
occasion serves, such subsidiary evidence as can be derived
from history or tradition. Usually this and kindred subjects
have been dealt with & posteriors. Observances, festivals,
chronological arrangements, and so forth, known or recorded
to have been adopted by various nations, have been examined,
and an inquiry made into their significance. The result
has not been altogether satisfactory. Many interesting facts
have been brought to light as research has proceeded, and
several elaborate theories have been advanced on nearly every
point of chronological research. Any one of these theories,

! ¢Infinities Around us,’ p, 290,






THE ORIGIN OF THE WEEK. 79

already knows about ordinary celestial phenomena than to
pay closer attention to them. If he wants to observe a
particular star or planet, he does not turn to the heavens—
one may almost say indeed, strange though it sounds, that
the heavens are the last place he would think of looking
at; he simply sets the circles of his telescope aright,
knowing that the star or planet he wants will then be
in the field of view. The telescope is as often as not
turned to the object before the door of the revolving dome
has been opened—that is, while no part of the sky is in
view.

It is precisely because in old times matters must have
been entirely different, and familiarity with astronomical
facts much more important to persons not themselves en-
gaged in the study of astronomy, that the method of inquiry
which I propose now to pursue respecting the origin of the
week is so full of promise. If we will but put ourselves
mentally in the position of the shepherds and tillers of the
soil in old times, we can tell precisely what they were likely”
to notice, in what order, and in what way.

In the first place, I think, it will appear that some divi-
sion of the month analogous to the week must have been
suggested as a measure of time long before the year.
Commonly the year is taken as either the first and most ob-
vious of all time-measures, or else as only second to the
day. But in its astronomical aspect the year is not a very
obvious division of time. I am not here speaking, be it
understood, of the exact determination of the length of the
year. That, of necessity, was a work requiring much time
and could only have been successfully achieved by astrono-
mers of considerable skill. I am referring to the common-
place year, the ordinary progression of those celestial
phenomena which mark the changes of the seasons. As
Whewell well remarks of the year, the repetition of similar
circumstances at equal intervals is less manifest in this case
[than in that of the day], and, the intervals being much lon-
ger, some exertion of memory becomes requisite in order
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The word mene, or mna, in the warning, Mene, tekel, phares,
was translated ‘numbered”’ With the same word is con-
nected the Arabic Almanac, or Al-manack. Whewell
points out that ‘if we are to attempt to ascend to the earli-
est conditions of language, we must conceive it probable
that men would have a name for a most conspicuous object,
the moon, before they would have a verb denoting the very
abstract and general notion, to measure.” This istrue ; but
it does not follow that the moon may not have received a
name implying her quality as a measurer long after. she was
first named. For the idea of using the moon as a measu-
rer of time must as certainly have followed the conception
of the abstract idea of measurement, as this conception
must have followed the recognition of the moon as an ob-
ject of observation. It is noteworthy, indeed, that in the
Greek the moon has two names—one, more usual, sé/éne,
from which the Latins derived the name /una; the other,
mene, certainly connected with men, for month. It seems
almost certain that they, and those from whom they derived
the usage, had come to regard the moon’s quality as a time-
measurer as distinct from her quality as an ornament of the
night. To this second term for the moon Whewell’s remark
does not apply, or rather, his remark suggests the true ex-
planation to be that very derivation of the words mene, men-
sis, month, moon, &c.,! from a word signifying ‘to measure,’
which he oppugns. Even if this view be rejected, we
may yet regard the words signifying mensuration (measure-
ment and numbering) as derived from a name for the moon,
months, &c.—a circumstance which would indicate the re-
cognised character of the moon as a time measurer even
more significantly than the converse derivation,

It is noteworthy that of all the phenomena obvious to
observation, the motions of the moon are those which most
directly suggest the idea of measurement. The carth’s

! To these may be added the Sanskrit mdsa, the Zend mao, the
Persian mak, the Gothic mena, the Erse mios, and the Lithuanien
mienu,

G
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rotation on her axis is in reality much more uniform’than
the moon’s circling motion around the earth; but to
ordinary observation the recurrence of day and night -
seems rather to suggest the idea of inequality than that of
the uniform subdivision of time. For the lengths of day -
and night are seldom equal to each other, and are constantly
varying. The daily motions of the fixed stars are more '
uniform than the moon’s, and, if carefully noted, afford
an almost perfect uniformity of time-measurement. But
instruments of some kind are necessary to show that :
this is the case. The moon, on the other hand, measures
off time in an obvious and striking manner, and, to or-
dinary observation, with perfect uniformity. In measur-
ing time, the moon suggests also the idea of numerical
measurement. And measures of length, surface, volume,
and so forth, could more readily have been derived in
ancient times from the moon’s motions than in any
other manner. In precisely the same way that now, in
Great Britain, all our measures,! without exception, are

! Even our measures of the value of money depend on the observed
motions of the stars. As I pointed out in my essay ¢ Our Chief Time-
piece Losing Time’ (¢Light Science for Leisure Hours’), ¢when we
come to inquire closely into the question of a sovereign’s intrinsic value,
we find ourselves led to the diurnal motion of the stars by no very long
or intricate path.” For a sovereign is a coin containing so many grains
of gold mixed with so many grains of alloy. A grain is the weight of
such and such a volume of a certain standard substance,—that is, so
many cubic inches, or parts of a cubic inch, of that substance. An
inch is determined as a certain fraction of the length of a pendulum
vibrating seconds in the latitude of London. A second is a certain
portion of a mean solar day, and is practically determined by a refer-
ence to what is called a sidereal day,—the interval, namely, between
the successive passages by the same star across the celestial meridian of
any fixed place. This interval is assumcd to be constant and is in fact
very nearly so.  Strangely enough, the moon, the older measure of
time, is, by her attraction on the waters of this earth, constantly tend-
ing to modify this nearly constant quantity—the carth’s rotation. For
the resistance of the tidal wave acts as a break, constantly retarding
the carth’s turning motion,—though so slowly that 1,500 millions of
years would be required to lengthen the terrestrial day by one full hour,
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derived from the daily motion of the stars, so in old times
the more obvious motions of the moon could have been
used, and were probably used, to give the measures required
in those days.

If, then, the names of the ‘moon,” ‘months,’ and so forth,
were not originally derived from the idea of measurement, it
is nevertheless certain that the moon must, from the very
earliest times, have been regarded as, par excellence, the
measurer. The @ priori reasons for expecting that the
moon’s name, or one of her names, would be thus derived,
seem to me to add greatly to the probability of this deriva-
tion, which has been inferred from the actual co-existence
of such names as mene for the moon ; men, mensis, &c.
(see previous note), for the month ; mna, manch, mensus
(root mens) for measurement.

The circling motion of the moon round the earth being
noted from the very earliest time, it is certain that, very
soon after, men would think of subdividing the moon’s cir-
cuit. The nights when there was no moon would be dis-
tinguished in a very marked way from those in which the
moon was full or nearly so, and thus the lunar month would
be obviously marked off into two halves, each about a
fortnight in length. Something analogous to this first sub-
division is to be recognised in a circumstance which I may
one day have to deal with more at length, the subdivision of
the year into two halves—one in which the Pleiades were
above the horizon and visible at sunset, the other when
they were below the horizon. There would be the bright
half and the dark half of the month (so far as the nights
were concerned), and it must be remembered that these
would not be unimportant distinctions to the men of old
time, nor mere matters of scientific observation. To the
shepherd, the distinction between a moonlit and a moon-
less night must have been very noteworthy. All his cares
would be doubled when the moon was not shining, all
lightened when she was nearly full. A poet in our time

singing the glories of the moonlit, night might be apt to
G 2
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If we consider what the owner of such a timepiece
would be apt to do, or rather woud be certain to do, we
shall not be long in doubt as to the course which the
shepherds of old time would have followed. The only
phases which such a clock would show with anything like
precision would be those two in which one half the globe
exactly would be white and the other black. Not only
would either of these be a perfectly definite phase marked
unmistakeably by the straightness of the separating line
between black and white, but also the rate of change would at
these times be most rapid. The middle of the separating line,
or terminator in the moon’s case, is atall times travelling
athwart the face of our satellite, but most quickly when
crossing the middle of her disc. Apart, then, from the
consideration already mentioned, which would lead the
first observers to divide the month into a dark and a light
half, the aspect of the moon’s face so varied before their
eyes as to suggest, or, one may say, to force upon them,
the plan of dividing. her course at the quarters, when she
is half full increasing and half full diminishing.

Let us pause for a moment to see whether this first
result, to which we have been led by purely & priori con-
siderations, accords with any evidence from tradition.
We might very well fail to find such evidence, simply because
all the earlier and less precise ways of dividing time (of
which this certainly would be one), giving way, as they must
inevitably do, to more exact time-measures, might leave no
trace whatever of their existence. It is, therefore, the more
remarkable and in a sense fortunate, that in two cases we find
clear evidence of the division of the lunar month into two
halves, and in the precise manner above indicated. Max
Miiller, remarking on the week, says that he has found no
trace of any such division in the ancient Vedic literature
of the Hindoos, but the month is divided into two according
to the moon—the c/ar half and the obscure half.! (Flam-

! It is noteworthy that in the Assyrian tablets lately deciphered by
Mr. G. Smith (which are copies of Babylonian originals older probably
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marion, from whom I take the reference to Max Miiller,
says, ‘ the dear half from new to full, and the obscure half
from full to new ;” but this is manifestly incorrect, the half
of the month from new to full having neither more nor less
light by night than the half from full to new.) A similar
division has been found among the Aztecs.

The next step would naturally be the division of each
half, the bright and the dark half, into two equal parts. In
fact this would be done at the same time, in most cases
(that is, among most nations) that the month was divided
into two. ‘The division at half full increasing and half full
decreasing would bé the more exact ; but once made would
afford the means of determining the times of ¢ full’ and
‘new.” During the first few months after men had noticed
closcly the times of half full, they would perceive that
between fourteen and fifteen days separated these times, so
that ¢full’ and ‘new’ came about seven days after the times
of half-moon.

All this would be comparatively rough work. Herds-
men, and perhaps the tillers of the soil in harvest time,
would perceive that the lunar month, their ordinary
measure of time, was naturally divisible into four quarters
two cpochs (the half-moons) limiting which were neatly
defined, while the intermediate two could be easily inferred.
T'hey would fall into the habit of dividing the months into
quarters in this rough way long before they began to
look for some connection between the length of the
month and of the day, precisely as men (later, no doubt)
divided the year roughly into four seasons, and the seasons
into months, long before they had formed precise notions
as to the number of months in years and seasons. We

than the books of Job and Genesis), we find in the account of the crea-
tion of the sun, moon, and stars, from which the account in Genesis
was probably abridged, special reference to the moon’s change from the
horned to the gibbous phase—¢ At the beginning of the month, at the
rising of the night, his horns are breaking through, and shine on the
heaven ; on the ninth day to a circle he begins to swell.’
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shall see presently that in each case, so soon as they tried
to connect two measures of time—the month and day in
one case, the year and month in the other—similar diffi-
culties presented themselves. We shall see also that while
similar ways of meeting these difficulties naturally occurred
to men, these natural methods of dealing with the difficulties
were those actually followed in one case certainly, and
(to show which is the object of the present paper) most
probably in the other also.

Men, at least those who were given to the habit of
enumeration, would have found out that there are some
29} days in each lunar month, not long after they had
regarded the month as divided into four parts, and long
before they had thought of connecting months and days
together. After a while, however, the occasion of some such
connection would arise. It might arise in many different
ways. The most likely occasion, perhaps, would be the
necessity of apportioning work to those employed as herds-
men or in tilling the soil. They would be engaged probably
(so soon as the simplest of all engagements, by the day,
required some extension) by the month. In fact one may
say that certainly the hiring of labourers for agricultural and
pastoral work must have been by the month almost from the
beginning. !

! The earliest record we have of hiring is that contained in Genesis,
chap. xxix, We read there that Jacob ¢abode with Laban ke space of
a month,’ serving him without wages. Then Laban said to Jacob,
¢Because thou art my brother, shouldst thou therefore serve me for
nought ? tell me, what shall thy wages be?’ At this time, it is worth
noting, the number seven had come to be regarded as convenient in
hiring, for Jacob said, ‘I will serve thee seven years for Rachel thy
younger daughter. . ., . And Jacob served seven years for Rachel ; and
they seemed unto him but a few days, for the love he had to her.” It
is obvious that the length of the service was regarded by the narrator
as a special proof of Jacob’s love for Rachel. For an ordinary wage a
man would work seven days ; for his love Jacob worked seven years.
That this was so is shown by Laban’s calling the term a week. After
giving Leah instead of Rachel, he says, ¢ Fulfil her week, and we will
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nearly eight seconds. On four lunar months the difference
would be nearly three hours, and in thirty-two lunar months
nearly one day. So that if in the first month two days, in
the second one, in the third two, in the fourth one, and so
on—in the thirty-first two, and in the thirty-second #v
(instead of one) were intercalated, the total error in those
thirty-two months, or about two years and five calendar
months of our present time, would be only about half-an-
hour.

We find traces of a former arrangement by which the
time of new moon was separated, as it were, from the rest of
the lunar month. The occurrence of new moon marked in
most of the old systems a time of rest and religious worship,
probably, almost certainly, arising originally from the worship
of the heavenly bodies as deities. But the chronological
arrangements, probably connected with this usage at first,
have left few traces of their existence. The usage presents
manifest imperfections as part of a chronological system,
and must soon have been abandoned by the more skilful of
those who sought among the celestial bodies for the means
of measuring time. The Greeks adopted such an arrange-
ment as I have above indicated. ‘The last day of each
lunar month,” Whewell says, ¢ was called by them *the old
and new,” as belonging to both the waning and the reappear-
ing moon, and their festivals and sacrifices, as determined
by the calendar, were conceived to be necessarily connected
with the same periods of the cycles of the sun and moon.’
¢ The laws and oracles,’ says Geminus, ¢ which directed that
they should in sacrifices observe three things, months, days,
and years, were so understood.” With this persuasion, a
correct system of intercalation became a religious duty.
Aratus, in a passage quoted by Geminus, says of the

moon—
¢ As still her shifting visage changing turns,
By her we count the monthly round of morns,’

But the religious duty of properly intercalating a day every
thirty-two months, to correct for the difference between two
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lunar months and fifty-nine days, would seem not to have
been properly attended to, for Aristophanes in the ‘Clouds’
makes the moon complain thus :—

¢ CHORUS oF CLOUDS.

¢ The moon by us to you her greeting sends,
But bids us say that she’s an ill-used moon,
And takes it much amiss that you should still
Shuffle her days, and turn them topsy-turvy ;
And that the gods, who know their feast-days well,
By your false count are sent home supperless,
And scold and storm at her for your neglect.’

The second usage would be the more convenient. Per-
ceiving, as they would by this time have done, that the
lunar month does not contain an exact number of days, or
of half-days, men would recognise the uselessness of at-
tempting to use any subdivision of the month, month by
month, and would simply take the week of seven days as
the nearest approach to the convenient subdivision, the
quarter-month, and let that period run on continually, with-
out concerning themselves with the fact that each new
month began on a different day of the week. In fact this
corresponds precisely with what has been done in the case
of the year.

The necessity of adopting some arrangement for periodi-
cal rest would render the division of time into short periods
of unvarying length desirable. And, as herdsmen and la-
bourers were early engaged by the lunar month, and after-
wards by its subdivision the quarter-month, it is very pro-
bable that the beginning of each month would first be
chosen as a suitable time for a rest, while later one day in
each week would be taken as a rest day. This would not
be by any means inconsistent with the belief that from
very early times a religious significance was given to the
monthly and weekly resting days. Almost every observance
of times and seasons and days had its first origin, most pro-
bably, in agricultural and pastoral customs. It was only
after a long period had elapsed that arrangements, originally
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adopted as convenient, became so sanctioned by long habit
that a religious meaning was attached to them. Assuredly,
whatever opinion may be formed about the Sabbath rest,
only one can be formed about the ¢ new moon’ rest. Z%at
certainly had its origin in the lunar motions and their rela-
tion to the convenience and habits of outdoor workers. It
seems altogether reasonable, apart from the evidence @
priori and @ posteriori in favour of the conclusion, to
adopt a similar explanation of the weekly rest, constantly
associated as we find it with the rest at the time of new
moon.

This explanation implies that the week would almost
certainly be adopted as a measure of time by every nation
which paid any attention to the subject of time-measure-
ment. Now we know that no trace of the week exists
among the records of some nations, while in others the
week was at least only a subordinate time-measure. Among
the earlier Egyptians the month was divided into periods of
ten days each, and hitherto no direct evidence has been
found to show that a seven-day period was used by them.!
The Chinese divided the month similarly. Among the
Babylonians the month was divided into periods of five
days, six such periods in each month, and also into weeks
of seven days. The same double arrangement was adopted
by the Hebrews.

It is easy to show, however, that the division of the
month into six equal or nearly equal parts, five days in each,
was not arrived at in a similar way to the division into four
parts, and was a later methed. We have seen how the
quarters of the lunar orbit are determined at ‘ half-full,” by
the boundary between the light and dark half crossing the
middle of the moon’s disc. Content at first to determine
this ocularly, observers would after a time devise simply

! Laplace asserts of the Egyptians that they used a period of seven
days, but he misunderstood the account given by Dion Cassius, who re-
ferred to the astronomers of the Alexandrian School, not to the ancient
Egyptians,
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arc of light has travelled one-fourth of the way across her
disc ; when she has gone two-sixths round, it has travelled
three-fourths of the way across : then comes ‘full,’ corre-
sponding to half-way round ; then, at four-sixths of the way
round, the receding edge is one-fourth of the way back
across the moon’s disc ; at five-sixths it is three-fourths of
the way back ; and lastly she completes her circuit at ‘new’
again. Each stage of her journey lasts one-sixth of a lunar
month; or five days, less about two hours. Thus five days
more nearly represents one of these stages than a week
represents a quarter of a lunar month. For a week falls
short of a quarter of a month by more than nine hours,
while five days exceeds a sixth of a month by rather less
than two hours. Moreover while six periods of five days
exceed a month by less than half-a-day, four weeks fall
short of a month by more than a day and a-half.!

We can very well understand, then, that the division of
the lunar month into six parts, each of five days, or into
three parts, each of ten days, should have been early sug-
gested by astronomers, as an improvement on the compara-
tively rough division of the month into four equal parts.
We can equally understand that where the latter method
had been long in use, where it had become connected with
the system of hiring (one day’s rest being allowed in each
quarter-month), and especially where it had become associa-
ted with religious observances, the new method would be
stoutly resisted. It would seem that a contest between ad-
vocates of a five days’ period and those of a seven
days’ period arose in early times, and was carried on with
considerable bitterness. There are those who find in the
great pyramid of Egypt the record of such a struggle, and

1 The five days’ period has as great an advantage over the week in
more exactly dividing the year, as it has in dividing thc month, since,
while fifty-two weeks fall short of a year by nearly a day and a quarter,
seventy-three periods of five days only fall short of a year by a quarter
of a day. But the number 52 has the great advantage over 73 of being
subdivisible into four thirteens.
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stage of observational progress the stars, which are scattered
over the background on which the heavenly bodies travel,
would be specially noticed as objects likely to help men in
the measurement of time, the determination of seasons, and
so forth. On the whole it seems likely that the observation
of the stars for this purpose would come rather later than
the first rough determinations of the year, and therefore con-
siderably later (if the above reasoning is just) than the deter-
mination of the month. The suitability of the stars for
many purposes connected with the measurement of time is
not a circumstance which obtrudes itself on the attention.
Many years might well pass before men would notice that
at the same season of the year the same stars are seen at
corresponding hours of the night ; for this is less striking
than the regular variation of the sun’s altitude, &c., as the
year progresses. This would be true even if we assumed
that from the beginning certain marked star groups were re-
cognised and remembered at each return to particular .posi-
tions on the sky. But it is unlikely that this happened until
long after such rough observations as I have described above
had made considerable progress. There is only one group
of stars respecting which any exception can probably be
made,—viz., the Pleiades, a group which, being both con-
spicuous and unique in the heavens, must very early have
been recognised and remembered. But even in the case of
the Pleiades (though almost certainly it was the first
known star group, while most probably it was the object
which led to the first precise determination of the year’s
length) a considerable time must have passed before the regular
return of the group, at times corresponding to particular
parts of the year of seasons, was recognised by shepherds
and tillers of the soil. Certainly the moon’s motions must
have been earlier noted.

So soon, however, as men had begun to study the fixed
stars, to group them into constellations, and to watch the
motions of these groups athwart the heayens, hour by hour,
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astronomy much more advanced than that which we have
been here dealing with. ’

Watching the moon’s progress along her zone of the
stellar heavens night after night, the observers would perceive
that she completes the circuit in less than a month. Before
many months had passed they would have determined the
period of these circuits as between twenty-seven and twenty-
eight days. It is very likely that at first, while their esti-
mate of the true period was as yet inexact, they would
suppose that it lasted exactly’ four weeks. We must re-
member that the natural idea of the earlier observers would
be that the motions of the various celestial bodies did in
reality synchronise in some way; though how those motions
synchronised might not easily be discovered. They would
suppose, and as a matter of fact we know they did suppose,
that the sun and moon and stars were made to be for signs
and seasons and for days and months and years. To ima-
gine that the celestial machinery contrived for man’s special
benefit was in any sense imperfect would have appeared
very wicked. They would thus be somewhat in the position
of a person for whom a clockmaker had constructed a very
elaborate and ingenious clock, showing a number of relations,
as the progress of the day, the hour, the minute, the second,
the years, the months, the seasons, the tides, and so forth,
but with no explanation of the various dials. The owner
of the clock would be persuaded that all the various motions
indicated on the dials were intended for his special enlighten-
ment, though he would be unable for a long time to make
out their meaning, or might fail altogether. So the first ob-
servers of the heavens must have been thoroughly assured
that the movements of the sun, moon, planets, and stars
were for measures of time, and therefore synchronised
(though in long periods) with each other. We recognise a
wider system (a nobler scheme, one might say, if this did
not imply a degree of knowledge whichwe do not really
possess) in the actual motions of the celestial bodies. But
with the men of old times it was different.

H
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were made for the change, ard a special time chosen for it.
We should expect to find that this time would have very
direct reference to the Pleiades, which must have been the
year-measuring constellation as certainly as the moon had
earlier been the time-measuring orb. It has long seemed to
me that it is to this great change, which certainly took place,
and must have been a most important epoch in astronomy,
that we must refer those features of ancient astronomy
which have commonly been regarded as pointing to the
origin of the science itself. I cannot regard it as a reason-
able, still less as a probable assumption, that astronomy
sprang full formed into being, as the ordinary theories on
this subject would imply. Great progress must have been
made, and men carefully trained in mathematical as well as
observational astronomy must for centuries have studied the
subject, before it became possible to decide upon those
fundamental principles and methods which have existed
from the days of the Chaldzan astronomers even until now.
As to the epoch of the real beginning of astronomy, then,
we have, in my opinion, no means of judging. The epoch
to which we really can point with some degree of certainty
—the year 2170 B.C. or thereabouts—must belong, not to
the infancy of astronomy, but to an era when the science
had made considerable progress.

1 have said that we should expect to find the introduc-
tion of the new astronomy, the rejection of the wweek as an
astronomical period in favour of the year, to be marked by
some celestial event having special reference to the Pleiades,
the year-measuring star-group. Whether the @ griors con-
sideration here indicated is valid or not, may perhaps be
doubtful ; but it is certain the epoch above mentioned 7s re-
lated to the Pleiades in a quite unmistakable manner, For
at that epoch, guam proximé, through the effects of that
mighty gyrational movement of the earth which causes what
is termed the precession of the equinoxes, the star Alcyone,
the brightest of the Pleiades and nearly central in the group,
was carried to such a position that when the spring began
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sty, clouds and rain, winds and storms, the earthquake and
the volcano, but, above and beyond all, the heavenly bodies
with their stately movements, their inextricably intermingled
periods, their mystical symbolisms—all these must have
appeared as themselves divine, until a nobler conception
presented them as but parts of a higher and more mysterious
Whole. In all the ancient systems of religion we have
begun to recognise the myths which had their birth in those
first natural conceptions of the Child-man. To this rule the
ancient religious system of the Hebrew race was no excep-
tion; but from their Chald®an ancestors they derived a
nature-worship relating more directly to the heavenly bodies
than that of nations living under less constant skies, and to
whom other phenomena were not less important, and there-
fore not less significant of power, than the phenomena of
the starry heavens. So soon as we thus recognise that
Hebrew myths would, of necessity, be more essentially
astronomical than those of other nations, we perceive that
the Hebrew race was not unlike other early races in having
no mythology, as Max Miiller thought, but possessed a
mythology less simply and readily interpreted than that of
other nations. It would, however, take me far from my
special subject at present to deal further with the considera-
tions to which it has here led me. I may, however, before
long endeavour to show reason for my belief,
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the pyramids which will be touched on towards the close of
the present paper. Here, however, I intend to deal only
with one special part of the problem, that part to which
alone the method I propose to employ is applicable—the
question of the astronomical purpose which the pyramids
were intended to subserve. It will be understood, there-
fore, why I have spoken of applying a somewhat similar
method, and not a precisely similar method, to the problem
of the pyramids. For whereas in dealing with the origin of
the week, I could from the very beginning of the inquiry
apply the @ prioré method, I cannot do so in the case of
the pyramids.” I do not know of any line of & priori
reasoning by which it could be proved, or even rendered
probable, that any race of men, of whatever proclivities or
avocations, would naturally be led to construct buildings
resembling the pyramids. If it could be, of course that
line of reasoning would at the same time indicate what pur-
poses such buildings were intended to subserve. Failing
evidence of this kind, we must follow at first the @ posteriors
method ; and this method, while it is clear ¢nough as
to the construction of the pyramids themselves to speak
unmistakably on this point, is not altogether so clear
as to any one of the purposes for which the pyramids were
" built.

Yet I think that if there is one purpose among possibly
many which the builders of the pyramids had in their
thoughts, which can be unmistakably inferred from the
pyramids themselves, independently of all traditions, it is
the purpose of constructing edifices which should enable
men to observe the heavenly bodies in some way not other-
wise obtainable. If the orienting of the faces of the
pyramids had been effected in some such way as the
orienting of most of our cathedrals and churches—ie., in
a manner quite sufficiently exact as tested by ordinary
observation, but not capable of bearing astronomical tests,
—it might reasonably enough be inferred that having to erect
square buildings for any purpose whatever, men were likely
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We start, then, with the assumption that the great

pyramid, cal’ed the Pyramid of Cheops, was built for this
purpose, inter alia, to enable men to make certain astrono-
mical observations with great accuracy ; and what we pro-
pose to do is to inquire what would be done by men having
this purpose in view, having, as the pyramid builders had, (1)
a fine astronomical site, (2) the command of enormous
wealth, (3) practically exhaustless stores of material, and (4)
the means of compelling many thousands of men to labour
for them,

Watching the celestial bodies hour by hour, day by day,
and year by year, the observer recognises certain regions of
the heavens which require special attention, and certain
noteworthy directions both with respect to the horizon and
to elevation above the horizon.

_ For instance, the observer perceives that the stars, which
are in many respects the most conveniently observable
bodies, are carried round as if they were rigidly attached
to a hollow sphere, carried around an axis passing through
the station of the observer (as through a centre) and
directed towards a certain point in the dome of the
heavens. That point, then, is one whose direction must
not only be ascertained, but must be in some way or other
indicated. Whatever the nature of an astronomer’s instru-
ments or observatory, whether he have but a few simple
contrivances in a structure of insignificant proportions,
or the most perfect instruments in a noble edifice of most
exquisite construction and of the utmost attainable sta-
bility, he must in every case have the position of the pole
of the heavens clearly indicated in some way or other.
Now, the pole of the heavens is a point lying due north, at
a certain definite elevation above the horizon. Thus the
first consideration to be attended to by the builder of any
sort of astronomical observatory, is the determination of the
direction of the true north (or the laying down of a true
north-and-south line), while the second is the determination,
and in some way or other the indication, of the angle of
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%o that it is difficult to determine the precise moment when
the shadow is shortest. But the direction of the shadow
is steadily changing all the time that we thus remain in
doubt whether the sun’s elevation has reached its maximum
or not. We are apt, then, to make an error as to time,
which will result in a noteworthy error as to the direction
of the north-and-south line.

For this reason, it would be better for any one employing
this shadow method to take two epochs on either side of
solar noon, when the sun was at exactly the same elevation, or
the shadow cf exactly the same length,—determining this by
striking out a circle around the foot of the upright, and observ-
ing where the shadow’s point crossed this circle before noon in
drawing nearer to the base, and after noon in passing away
from the base. These two intersections with the circle neces-
sarily lie at equal distances from the north-and-south line,
which can thus be more exactly determined than by the other
method, simply because the end of the shadow crosses the
circle traced un the ground at moments which can be more
exactly determined than the moment when the shadow is
shortest.

Now, we notice in this description of methods which
unquestionably were followed by the very earliest astrono-
mers, one circumstance which clearly points to a feature as
absolutely essential in every astronomical observing station.
(I do not say ‘observatory,” for I am speaking just now of
observations so elementary that the word would be out of
place.) The observer must have a perfectly flat floor on
which to receive the shadow of the upright pointer. And
not only must the floor be flat, but it must also be perfectly
horizontal. At any rate, it must not slope down either
towards the east or towards the west, for then the shadows
on either side of the north-and-south line would be unequal.
And though a slope towards north or south would not affect
the equality of such shadows, and would therefore be ad-
missible, yet it would clearly be altogether undesirable 3
since the avoidance of a slope towards east or west would
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_ But now with regard to the true north-and-south direc-
tos, although the shadow method, carried out on a truly
kvel surface, would be satisfactory enough for a first rough
approximation, or even for what any but astronomers would
regard as extreme accuracy, it would be open to serious ob-
Jections for really exact work. These objections would have
become known to observers long before the construction of
the pyramid was commenced, and would kave been asso-
ciated with the dificulties which suggested, I think, the idea
itself of constructing such an edifice.

Supposing an upright pointed post is set up, and the
position of the end of the shadow upon a perfectly level
surface is noted ; then whatever use we intend to make of
this observation, it is essential that we should know the
precise position of the centre of the upright’s base, and also
that the upright should be truly vertical. Otherwise we
have only exactly obtained the position of one end of the
line we want, and to draw the line properly we ought as ex-
actly to know the position of the other end. If we want
also to know the true position of a line joining the point of
the upright and the shadow of this point, we require to
know the true height of the upright. And even if we have
these points determined, we still have not a material/ line
from the point of the upright to the place of its shadow.
A cord or chain from one point to the other would be
curved, even if tightly stretched, and it could not be tightly
stretched, if long, without either breaking or pulling over the -
upright, A straight bar of the required length could not be
readily made or used : if stout enough to lie straight from
point to point it would be unwieldy ; if not stout enough
so that it bent under its own weight it would be useless.

Thus the shadow method, while difficult of application
to give a true north-and-south horizontal line, would fail

would be formed (the flooding being required once only for each layer),
and when the level had been taken, the water could be allowed to rum
off by the interior passages to the well which Piazzi Smyth considers t0

be symbolical of the ¢ bottomless pit.’
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ih latitude 30° As a matter of fact it would not be,
because the air, by bending the sun’s rays, throws the sun
apparently somewhat above his true position. Apart from
this, at the time of true spring or autumn, the sun does not
seem to rise due east, or set due west, for he is raised above
the horizon by atmospheric refraction, before he has really
reached it in the morning, and he remains raised above it
after he has really passed below—understanding the word
‘really’ to relate to his actual geometrical direction. Thus,
at true spring and autumn, the sun rises to the north of east
and sets slightly to the north of west. The atmospheric
refraction is indeed so marked, as respects these parts of
the sun’s apparent course, that it must have been quickly
recognised.  Probably, however, it would be regarded as a
peculiarity only affecting the sun when close to the horizon,
and would be (correctly) associated with his

. A
apparent change of shape when so situated.
Astronomers would be prevented in this
way from using the sun’s horizontal position
at any season to guide them with respect
to the cardinal points, but they would still
consider the sun, when raised high above B Figc s D

the horizon, or a suitable astronomical index
(so to speak), and would have no idea that even at a height
of sixty degrees above the horizon, or seen as in direction
D A, Fig. 1, he is seen appreciably above his true position.
Adopting this method—the shadow method—to fix the
latitude of the pyramid’s base, they would conceive the sun
was sixty degrees above the horizon at noon, at true spring
or autumn, when in reality he was somewhat below that ele-
vation. Or, in other words, they would conceive they were
in latitude 30° north, when in reality they were farther north
(the mid-day sun at any season sinking lower and lower as
we travel farther and farther north). The actual amount b’
which, supposing their observations exact, they would thuss
this station north of its proper position, would dependon tl
refractive qualities of the air in Egypt. But although thé
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justice of both methods, and we can hardly imagine that
having two available methods, they would limit their opera-
tions to one method only), they would scarcely see any bet-
ter way of proceeding than to take a position intermediate
between the two which they had thus obtained. Such a posi-
tion would lie almost exactly 1072 yards south of true lati-
tude 30° north.

Whether the architects of the pyramid of Cheops really
proceeded in this way or not, it is certain that they obtained
a result corresponding so well with this that if we assume
they really did intend to set the base of the pyramid in
latitude 30°, we find it difficult to persuade ourselves that
they did not follow some such course as I have just indicated
—the coincidence is so close considering the nature of the
observations involved. According to Professor Piazzi Smyth,
whose observational labours in relation to the great pyramid
are worthy of all praise, the centre of the base of this
pyramid lies about 1 mile 568 yards south of the thirtieth
parallel of latitude. This is 944 yards north of the position
they would have deduced from the Pole-star method ; 1
mile 1693 yards south of the position they would have de-
duced from the shadow method ; and 1256 yards south of
the mean position between the two last-named. The position
of the base seems to prove beyond all possibility of question
that the shadow method was not the method on which
sole or chief reliance was placed, though this method must
have been known to the builders of the pyramid. It does
not, however, prove that the star method was the only
method followed. A distance of 944 yards is so small in a
matter of this sort that we might fairly enough assume that
the position of the base was determined by the Pole-star
method. If, however, we supposed the builders of the
pyramid to have been exceedingly skilful in applying the
methods available to them, we might not unreasonably con-
clude from the position of the pyramid’s base that they used
both the shadow method and the Pole-star method, but that,

wgnising the superiority of the latter, they gave greater
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weight to the result of employing this method. Supposing,
for instance, they applied the Pole-star method three times
as often as the shadow method, and took the mean of all the
results thus obtained, then the deduced position would lie three
times as far from the northern position obtained by the
shadow method as from the southern position obtained by
the Pole-star method. In this case their result, if correctly
deduced, would have been only about 156 yards north of the
actual present position of the centre of the base.

It is impossible, however, to place the least reliance on
any calculation like that made in the last few lines. By @
posteriort reasoning such as this one can prove almost any-
thing about the pyramids. For observe, though presented
as @ priors reasoning, it is in reality not so, being based on
the observed fact, that the true position lies more than three
times as far from the northerly limit as from the southern
one. Now, if in any other way, not open to exception, we
knew that the builders of the pyramid used both the sun
method and the star method, with perfect observational
accuracy, but without knowledge of the laws of atmo-
spheric refraction, we could infer from the observed position
the precise relative weights they attached to the two
methods. But it is altogether unsafe, or to speak plainly,
it is in the logical sense a perfectly vicious manner of rea-
soning, to ascertain first such relative weights on an assump-
tion of this kind, and having so found them, to assert that
the relation thus detected is a probable one in itself, and
that since, when assumed, it accounts precisely for the
observed position of the pyramid, therefore the pyramid
was posited in that way and no other. It has been by un-
sound reasoning of this kind that nine-tenths of the absurdi-
ties have been established on which Taylor and Professor
Smyth and their followers have established what may be
called the pyramid religion.

All we can fairly assume as probable from the evidence,
in so far as that evidence bears on the results of @ priors
considerations, is that the builders of the great pyramid
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pass close to the horizon would be of use even for the work
of orientation, while for the work of obtaining the latitude
it would be absolutely essential that a star close to the pole
should be used. -

A line along the feet of the uprights would run north
and south. But the very object for which the great astro-
nomical edifice was being raised, was that the north-and-
south line amongst others should be indicated by more
perfect methods.

Now, at this stage of proceedings, what could be more
perfect as a method of obtaining the true bearing of the
pole than to dig a tubular hole into the solid rock, along
which tube the Pole-star at its lower culmination should be
visible? Perfect stability would be thus insured for this
fundamental direction line. It would be easy to obtain the
direction with great accuracy, even though at first starting
the borings were not quite correctly made. And the further
the boring was continued downwards towards the south, the
greater the accuracy of the direction line thus obtained.
Of course there could be no question whatever in such
underground boring, of the advantage of taking the lower
passage of the Pole-star, not the upper. For a line directly
from the star at its upper passage would slant downwards at
an angle of more than thirty degrees from the horizon, while
a line directly from the star at its lower passage would slant
downwards at an angle of less than thirty degrees; and the
smaller this angle the less would be the length, and the less
the depth of the boring required for any given horizontal range.

Besides perfect stability, a boring through the solid rock
would present another most important advantage over any
other method of orienting the base of the pyramid. Inthe
case of an inclined direction line above the level of the
horizontal base, there would be the difficulty of determining
the precise position of points under the raised line ; for
manifest difficulties would arise in letting fall plumb-lines
from various points along the optical axis of a raised tubing.
But nothing could be simpler than the plan by which the
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horizontal line corresponding to the underground tube could
be determined. All that would be necessary would be to
allow the tube to terminate in a tolerably large open space ;
and from a point in the base vertically above this, to let fall
a plumb-line through a fine vertical boring into this open
space. It would thus be found how far the point from which
the plumb-line was let fall lay either to the east or to the
west of the optical axis of the underground tunnel, and
therefore how far to the east or to the west of the centre of
the open mouth of this tunnel. Thus the true direction of
a north-and-south line from the end of the tube to the middle
of the base would be ascertained. This would be the
meridian line of the pyramid’s base, or rather the meridian
line corresponding to the position of the underground
passage directed towards the Pole-star when immediately
under the pole.

A line at right angles to the meridian line thus obtained
would lie due east and west, and the true position of the
east-and-west line would probably be better indicated in this
way than by direct observation of the sun or stars. If
direct observation were made at all, it would be made not
on the sun in the horizon near the time of spring and
autumn, for the sun’s position is then largely affected by
refraction. The sun might be observed for this purpose
during the summer months, at moments when calculation
showed that he should be due east or west, or crossing what
is technically termed the prime vertical. Possibly the so-
called azimuth trenches on the east side of the great pyramid
may have been in some way associated with observations of
this sort, as the middle trench is directed considerably to
the north of the east point, and not far from the direction
in which the sun would rise when about thirty degrees (a
favourite angle with the pyramid architects) past the vernal
equinox. But I lay no stress on this point. The meridian
line obtained from the underground passage would have
given the builders so ready a means of determining accurately
the east and west lines for the north and south edges of the
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pyramid’s base, that any other observations for this purpose
can hardly have been more than subsidiary.

It is, of course, well known that there is precisely such
an underground tunnelling as the considerations I have
indicated seem to suggest as a desirable feature ina proposed
astronomical edifice on a very noble scale. In all the
pyramids of Ghizeh, indeed, there is such a tunnelling as
we might expect on almost any theory of the relation of the
smaller pyramids to the great one. But the slant tunnel
under the great pyramid is constructed with far greater skill
and care than have been bestowed on the tunnels under the
other pyramids. Its length underground amounts to more
than 350 feet, so that, viewed from the bottom, the mouth,
about four feet across from top to bottom on the square,
would give a sky range of rather less than one-third of a
degree, or about one-fourth more than the moon’s apparent
diameter. But, of course, there was nothing to prevent the
observers who used this tube from greatly narrowing these
limits by using diaphragms, one covering up all the mouth
of the tube, except a small opening near the centre, and
another correspondingly occupying the lower part of the
tube from which the observation was made.

It seems satisfactorily made out that the object of the
slant tunnel, which runs 350 feet through the rock on which
the pyramid is built, was to observe the Pole-star of the
period at its lower culmination, to obtain thence the true
direction of the north point. The slow motion of a star
very near the pole would cause any error in time, as when
this observation was made, to be of very little importance,
though we can understand that even such observations as
these would remind the builders of the pyramid of the
absolute necessity of good time-measurements and time-
observations in astronomical research.

Finding this point clearly made out, we can fairly use
the observed direction of the inclined passage to determine
what was the position of the Pole-star at the time when the
foundations of the great pyramid were laid, and even what
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that Pole-star may have been. On this point there has
never been much doubt, though considerable doubt exists.
as to the exact epoch when the star occupied the position in
question. According to the observations made by Professor
Smyth, the entrance passage has a slope of about 26° 27/,
which would have corresponded, when refraction is taken
into account, to the elevation of the star observed through
the passage, at an angle of about 26° 29’ above the horizon.
The true latitude of the pyramid being 29° 58’ 51/, cor-
responding to an elevation of the true pole of the heavens,
by about 30° ¥ above the horizon, it follows that if Pro-
fessor Smyth obtained the true angle for the entrance passage,
the Pole-star must have been about 3° 31}’ from the pole.
Smyth himself considers that we ought to infer the angle for
the entrance passage from that of other internal passages,
presently to be mentioned, which he thinks were manifestly
intended to be at the same angle of inclination, though
directed southwards instead of northwards. Assuming this
to be the case, though for my own part I cannot see why we
should do so (most certainly we have no & pr7ors reason for
so doing), we should have 26° 18’ as about the required
angle of inclination, whence we should get about 3° 42’ for
the distance of the Pole-star of the pyramid’s time from
the true pole of the heavens. The difference may seem of
very slight importance, and I note that Professor Smyth
passes it over as if it really were unimportant ; but in reality
it corresponds to somewhat large time-differences. He
quotes Sir J. Herschel's correct statement, that about the
year 2170 B.C. the star Alpha Draconis, when passing below
the pole, was elevated at an angle of about 26° 18’ above
the horizon, or was about 3° 42’ from the pole of the heavens
(I have before me, as I write, Sir J. Herschel’s original
statement, which is not put precisely in this way); and he
mentions also that somewhere about 3440 B.C. the same star
was situated at about the same distance from the pole. But
he omits to notice that since, during the long interval of
1270 years, Alpha Draconis had been first gradually ap-
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proaching the pole until it was at its nearest, when it was
only about 3}’ from that point, and then as gradually
receding from the pole until again 3° 42’ from it, it follows
that the difference of nine or ten minutes in the estimated
inclination of the entrance passage corresponds to a very
considerable interval in time, certainly to not less than fifty
years. (Exact calculation would be easy, but it would be
time wasted where the data are inexact.)

Having their base properly oriented, and being about to
erect the building itself, the architects would certainly not
have closed the mouth of the slant tunnel pointing north-
wards, but would have carried the passage onwards through
the basement layers of the’edifice, until these had reached
the height corresponding to the place where the prolongation
of the passage would meet the slanting north face of the
building. I incline to think that at this place they would
not be content to allow the north face to remain in steps,
but would fit in casing stones (not necessarily those which
would eventually form the slant surface of the pyramid, but
more probably slanted so as to be perpendicular to the axis
of the ascending passage). They would probably cut a
square aperture through such slant stones corresponding to
the size of the passage elsewhere, so as to make the four
surfaces of the passage perfectly plane from its greatest
depth below the base of the pyramid to its aperture, close
to the surface to be formed eventually by the casing stones
of the pyramid itself

Now, in this part of his work, the astronomical architect
could scarcely fail to take into account the circumstance
that the inclined passage, however convenient as bearing.
upon a bright star near the pole when that star was due
north, was, nevertheless, not coincident in direction with the
true polar axis of the celestial sphere. I cannot but think
he would in some way mark the position of their true polar
axis. And the natural way of marking it would be to indi-
cate where the passage of his Pole-star above the pole ceased
to be visible through the slant tube. In other words he
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placed there. But the builders of the pyramid cannot
reasonably be supposed to have been ignorant of the sim-
ple properties of plane mirrors, and by simply placing a thin
piece of polished metal upon the floor at this spot, and noting
where they could see the star and the upper edge of the
tunnel’s mouth in contact by reflection in this mirror, they
could determine precisely where the star could be seen
touching that edge, by an eye placed (were that possible)-
precisely in the plane of the floor.

I have said there is another explanation of this pecu-
liarity in the entrance passage, but I should rather have
said there is another explanation of a line marked on the
stone next below the vertical one. I should imagine this
line, which is nothing more than a mark such ‘as might be
ruled with a blunt steel instrument, but by a master hand,
for power, evenness, straightness, and still more for rect
angularity to the passage axis,” was a mere sign to show
where the upright stone was to come. But Professor Smyth
who gives no explanation of the upright stone itself, except
that it seems, from its upright position, to have had ¢ some-
thing representative of setting up, or preparation for the
erecting of a building,’ believes that the mark is as many
inches from the mouth of the tunnel as there were years
between the dispersal of man and the building of the pyra-
mid ; that thence downwards to the place where an ascend-
ing passage begins, marks in like manner the number of
years which were to follow before the Exodus ; thence along
the ascending passage to the beginning of the great gallery
the number of years from the Exodus to the coming of
Christ ; and thence along the floor of the grand gallery to
its end, the interval between the first coming of Christ and
the second coming or the end of the world, which it appears
is to take place in the year 1881. It is true not one of these
intervals accords with the dates given by those who are con-
sidered the best authorities in Biblical matters,—but sc
much the worse for the dates.

To return to the pyramid.

K
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We have considered how, probably, the architect would
plan the prolongation of the entrance passage to its place of
opening out on the northern face. But as the pyramid rose
layer by layer above its basement, there must be ascending
passages of some sort towards the south, the most important
part of the sky in astronomical research.

The astronomers who planned the pyramid would

“specially require four things. First, they must have the
ascending passage in the absolutely true meridian plan;
secondly, they would require to have in view, along a pas-
sage as narrow as the entrance tunnel, some conspicuous
star, if possible a star so bright as to be visible by day (along
such a tunnel) as well as by night ; thirdly, they must have
the means of observing the sun at solar noon on every day
in the year ; and fourthly, they must also have the entire
range of the zodiac or planetary highway brought into view
along their chief meridional opening.

The first of these points is at once the most important
and the most difficult. It is so important, indeed, that we
may hope for significant evidence from the consideration
of the methods which would suggest themselves as avail-
able.

Consider :—The square base has been duly oriented.
Therefore, if each square layer is placed properly, the con-
tinually diminishing square platform will remain always
oriented. But if any error is made in this work, the exact-
ness of the orientation will gradually be lost. And this part
of the work cannot be tested by astronomical observations
as exact as those by which the base was laid, unless the
vertical boring by which the middle of the base, or a point
near it, was brought into connection with the entrance pas-
sage, is continued upwards through the successive layers of
the pyramidal structure. As the rock rises to a considerable
height within the interior of the pyramid,! probably to quite

! The irregular descending passage long known as the well, which
communicates between the ascending passage and the underground
amber, enables us to ascertain how high the rock rises into the pyra-
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the height of the opening of the entrance passage on the
northern slope, it would only be found necessary to carry
up this vertical boring in the building itself after this level
had been reached. But in any case this would be but an
unsatisfactory way of obtaining the meridian plane when
once the boring had reached a higher level than the opening
of the entrance passage ; for only horizontal lines from the
boring to the inclined tunnelling would be of use for exact
work, and no such lines could be drawn when once the level
of the upper end of the entrance passage had been passed
by the builders.

A plan would be available, however (not yet noticed, so
far as I know, by any who have studied the astronomical
relations of the great pyramid), which would have enabled
the builders perfectly to overcome this difficulty.

Suppose the line of sight down the entrance passage
" were continued upwards along an ascending passage, after
reflection at a perfectly horizontal surface—the surface of
still water—then by the simplest of all optical laws, that of
the reflection of light, the descending and ascending lines
of sight on either side of the place of reflection, would lie in
the same vertical plane, that, namely, of the entrance pas-
sage, or of the meridian. Moreover, the farther upwards an
ascending passage was carried, along which the reflected
visual rays could pass, the more perfect would be the adjust-
ment of this meridional plane.

To apply this method, it would be necessary to tempo-
rarily plug up the entrance passage where it passed into the
solid rock, to make the stone-work above it very perfect and
close fitting,-so that whenever occasion arose for' making
one of the observations we are considering, water might be
poured into the entrance passage, and remain long enough
standing at the corner (so to speak) where this passage and
* the suggested ascending passage could meet, for Alpha Dra-

mid at this particular part of the base. We thus learn that the rock
rises in this place, &« any rate, thirty or forty feet above the basal

nlana
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conis to be observed down the ascending passage. Fy
shows what is meant. Here D C is thc descending passi
C A the ascending passage, C the comer where the
would be placed when Alpha Draconis was about to

A
Towards South, <€— \\// —> Towards North,

C
FiG. 2.

below the pole. The observer would look down A C
would see Alpha Draconis by rays which had passed
D C, and had been reflected by the water at C. Sup
the building to have been erected, as Lepsius and
Egyptologists consider, at the rate of one layer in each
then only one observation of the kind described need
made per annum. Indeed, fewer would serve, since
or four layers of stone might be added without any
occasion arising to test the direction of the passage C A.

It is hardly necessary to remind those who have givest
any attention to the subject of the pyramid that there is pre«
cisely such an ascending passage as C A, and that as yet
explanation of the identity of its angle of ascent with the.
angle of descent of the passage D C has ever been given.
Most pyramidalists content themselves by assuming, as Sit
E. Beckett puts it, ¢ that the same angle would probably be
used for both sets of passages, as tiere was no reason for vary-
ing it which is not exactly an explanation of the relation.
Mr. Wackerbarth has suggested that the passages wereso
adjusted for the purpose of managing a system of balance
cars united by ropes from one passage to another ; but this
explanation is open, as Beckett points out, to the fatal ob-
jection that the passages meet at their lowest point, not at
their highest, so that it would be rather a puzzle ¢ to work
out the mechanical idea.” The reflection explanation is not
only open to no such objections, but invoives precisely such
an application of optical laws as we should expect from me?
as ingenious as the pyramid builders certainly were, If
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show any fixed star nearly at the same elevation. For it
could readily be enlarged in a vertical direction, the floor
remaining unaltered. Since it is not enlarged until the great
gallery is reached (at a distance of nearly 127 feet from the
place where the ascent begins), it follows, or is at least ren-
dered highly probable, that some bright star was in view
through that ascending passage.

Now, taking the date 2170 B.C., which Professor Smyth
assigns to the beginning of the great pyramid, or even taking
any date (as we fairly may), within a century or so on either
side of that date, we find no bright star which would have
been visible when due south, through the ascending passage.
I have calculated the position of that circle among the stars
along which lay all the points passing 26° 18’ above the
horizon when due south, in the latitude of Ghizeh, 2170
years before the Christian era ; and it does not pass near a
single conspicuous star.! There is only one fourth magni-
tude star which it actually approaches—namely, Epsilon
Ceti ; and one fifth magnitude star, Beta of the Southern

Crown.
When we remember that Egyptologists almost without

! There is a statement perfectly startling in its inaccuracy, in a
chapter of Blake’s ¢ Astronomical Myths,’ derived from Mr. Haliburton’s
tesearches, asserting that in the year 2170 B.C., the Pleiades were
‘exactly at that height that they could be seen in the direction of the
Southward-pointing passage of the pyramid.’ The italics are not mine,
As this passage pointed 33%° or thereabouts, below (that is south of)
the equator, and the Pleiades were then some 33° north of the equator,
the passage certainly did not then point to the Pleiades. Nor has
there been any time since the world began when the Pleiades were any-
where near the direction of the southward pointing passage. In fact
they have never been more than 20° south of the equator. The state-
ment follows immediately after another to the surprising effect that in
the year 2170 B.C. ‘the Pleiades 7eally commenced the spring by their
midnight culmination.” The only comment an astronomer can make
on this startling assertion is to repeat with emphasis the word italicised
by Mr. Haliburton (or Mr. Blake?). The Pleiades being then in con-
junction with what is now called the first point of Aries, culminated
at noon, not at midnight, at the time of the vernal equinox.
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pyramidal structure from the time when it was completed
for observational purposes. The height of the gallery would
be so adjusted to its length, that the mid-winter’s sun would
not shine further than the lower end of the gallery (that is,
to the upper end of the smaller ascending passage). In
fact, as the moon and planets would have to be observed
when due south, through this meridional gallery, and as they
range further from the equator both north and south than
the sun does, it would be necessary that the gallery should
extend lower down than the sun’s mid-winter noon rays
would shine.
As it would be a part of the observer’s work to note ex-
actly how far down the gallery the shadow of its upper
southern edge reached, as well as the moment when the
sun’s light passed from the westemn to the eastern wall of
the gallery, and other details of the kind ; besides, of
course, taking time-observations of the moment when the
sun’s edge seemed to reach the edge of the gallery’s south-
em opening ; and as such observations could not be properly
made by men standing on the smooth slanting floor of the
gallery, it would be desirable to have cross-benches capable
of being set at different heights along the sloping gallery.
In some observations, indeed, as where the transits of
several stars southing within short intervals of time had to
be observed, it would be necessary to set some observers at
one part of the gallery, others at another part, and perhaps
even to have several sets of observers along the gallery.
And this suggests yet another consideration. It might be
thought desirable, if great importance was attached (as the
whole building shows that great importance must have been
attached) to the exactness of the observations, to have
several observations of each transit of a star across the
mouth of the gallery. In this case, it would be well to
have the breadth of the gallery different at different heights,
though its walls must of necessity be upright throughout—
that is, the walls must be upright from the height where one
breadth commences, to the height where the next breadth

4
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upon the top of these benches or ramps, near the angle
where they meet the wall, ¢ there are little spaces cut in right-
angled parallel figures, set on each side opposite one another,
intended no question for some other end than ornament.

The diversity of width which I have indicated as a desir-

" able feature in a meridional gallery, is a marked feature of

the actual gallery. “In the casting and ranging of the
marbles’ (limestone), ‘in both the side walls, there is one
piece of architecture,’ says Greaves, ‘in my judgment
very graceful, and that is that all the ceurses or stones, which
are but seven (so great are these stones), do set and flag
over one another about three inches ; the bottom of the
uppermost course overlapping the top of the next, and so
in order, the rest as they descend.’ The faces of these
stones are exactly vertical, and as the width of the gallery
diminishes upwards by about six inches for each successive
course, it follows that the width at the top is about 3} feet
less than the width, 6 feet 10} inches, at the bottom, or
agrees in fact with the width of the space between the
benches or ramps. Thus the shadow of the vertical edges
of the gallery at solar noon just reached to the edges of the
ramps, the shadow of the next lower vertical edges falling
three inches from the edges higher up the ramps, those of
the next vertical edges six inches from these edges, still
higher up, and so forth. The true hour of the sun’s south-
ing could thus be most accurately determined by seven sets
of observers placed in different parts of the gallery, and
near midsummer, when the range of the shadows would be
so far shortened, that a smaller number of observers only
could follow the shadows’ motions ; but in some respects,
the observations in this part of the year could be more
readily and exactly made than in winter, when the shadows’
spaces of various width would range along the entire length
of the gallery.

Similar remarks would apply to observations of the moon,
which could also be directly observed. The planets and
stars of course could only be observed directly.
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10t observing astronomy, ¢ of an earlier date than Virgil’s.’
The Pleiades also, it may be remarked, were scarcely re-
garded in old times as belonging to the constellation of the
Bull, but formed a separate asterism.

The upper end of the great gallery lies very near the
vertical axis of the pyramid. It is equidistant, in fact, from
the north and south edges of the pyramid platform at this
level, but lies somewhat to the east of the true centre of this
platform.  One can recognise a certain convenience in this
amangement, for the actual centre of the platform would be
tequired as a position from whence observation of the whole
sky could be made. Observers stationed there would have
the cardinal points and the points midway between them
defined by the edges and angles of the square platform,
which would not be the case if they were displaced from
the centre.  Stationed as they would be close to the mouth
of the gallery, they would hear the time signallings given
forth by the observers placed at various parts of the gallery;
and no doubt one chief end of the exact time-observations,
for which the gallery was manifestly constructed, would be
to enable the platform observers duly to record the time
when various phenomena were noticed in any part of the
heavens.

This corresponds well with the statement made by
Proclus, that the pyramids of Egypt, which, according to
Diodorus Siculus, had been in existence during 3600 years,
terminated in a platform upon which the priests made their
celestial observations. The last-named historian alleges,
also (‘Biblioth. Hist” Lib. I.), that the Egyptians, who
claimed to be the most ancient of men, professed to be
acquainted with the situation of the earth, the risings and
settings of stars, to have arranged the order of days and
months, and pretended to be able to predict future events,
with certainty, from their observations of celestial phenomena.
I think that it is in this association of astrology with astro-
nomy that we find the explanation of what, after all, remains
the great mystery of the pyramid—the fact, namely, that all ‘
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THE PYRAMIDS OF GHIZEH.

IN my treatise called ¢ Myths and Marvels of Astronomy’
there are two essays on the great pyramid, one dealing with
the strange fancies which have been associated with this
building by Professor Piazzi Smyth, Astronomer Royal for
Scotland, the other advancing a theory respecting the
building which seems to me, on the whole, more probable
than any other. In the last essay of this present volume
T'have considered other relations which had not occurred to
me when I wrote those papers. I do not now propose to
go over the ground covered by my three former essays, but,
following the practice which I have before adopted in like
ases, to indicate at full length in the present essay only
such points as I have noted since the other papers were
wiitten. If in such study as I have given to the subject in
the interval I had found any evidence bearing unfavourably
upon the views I have advanced in those papers, I should
have judged it right to point out clearly and definitely the
nature and weight of such evidence, and to withdraw, if the
evidence suggested such a course, from positions taken up
in error—not merely abandoning views which appeared
erroneous, but pointing out such errors as I had recognised.
Since, on the contrary, the evidence I have obtained and
the points which I have noticed in relation to the pyramids,
and especially to the great pyramid, appear strikingly to
confirm the theory I advanced in the essay entitled ¢ The
Mystery of the Pyramid,’ it is but just to indicate the nature
of this new or recently noted matter, even as I should have
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on the contrary, much which seems strongly to favour
them. Whether the astrological theory has or has not much
to be said in its favour is a point upon which I willingly
leave others to decide. I think I shall be able here con-
siderably to strengthen the evidence I formerly adduced to
show that the pyramid’s present features cannot well be
accounted for on any other theory.

In the first place, Sir E. Beckett starts with the statement,
almost amounting in itself to an admission of the astro-
nomical significance of the pyramid relations, that the great
pyramid was built in the year 2170 B.C,, by Cheops as
Herodotus calls him, but Suphis or Shufu, as he is named in
hieroglyphics painted on large stones over the king’s chamber.
This, says Beckett, was in the time of Peleg, ‘ ages before
the Israelites were in Egypt, whom some persons have
hastily guessed to have been employed in building the
pyramids’—an argument effective indeed against Professor
Smyth and those followers of his who see in the pyramid a
sort of stone Bible, but scarcely as against those who believe
no more in the 239 years of Peleg’s life than in the nine
hundred odd years of Methuselah’s, or in the literal inter-
pretation of the six days of creation. If we are to start
with the theory that, in the year B.c. 2348, there were eight
living persons in the world, and that, less than two centuries
later, a monarch, ruling a nation large enough to provide
tens of thousands of workers, erected the greatest mass of
stonework ever raised on the face of this earth by man, we
need not trouble ourselves to explain how and why the great
pyramid was built. We might as weil admit at once that
the pyramid was built under the direct personal superinten-
dence of Uriel, the Archangel who has special charge over
the astronomical relations of the solar system,

The same whom John saw also in the sun;
who also explained earlier to an inquiring angel how, in the

beginning,
L
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This ethereal quintessence of Heav’n
Flew upward, spirited with various forms,
That roll’d orbicular, and turn’d to stars
Numberless, as thou seest, and how they move.

One idea is not a whit more untenable than the other.
Secondly, it is to be noted that according to some tra-
ditions the second pyramid, tliough somewhat smaller than
the first, and altogether inferior in design, was begun some-
what earlier. I would invite special attention to this point.
It is one of those perplexing details which are always best
worth examining when we want to obtain a true theory.
The second pyramid was certainly built during the reign of
the builder of the first or great pyramid. It must have
been built, then, with his sanction, for his brother, Chephren,
according to Herodotus ; Noun-shofo, or Suphis II., accord-’
ing to the Egyptian records. Enormous quantities of stone,
of the same quality as the stone used for the great pyramid,
were conveyed to the site of the second pyramid, during
the very time when the resources of the nation were being .
largely taxed to get the materials for the great pyramid
conveyed to the place appointed for that structure. It
would appear, then, that there was some strong—in fact,
some insuperable—objection to the building of one great
pyramid, larger by far than either the first or second, for
both the brothers. Yet nothing has ever been learned
respecting the views of the Egyptians about tombs (save
only what is learned from the pyramids themselves, if we
assume that they were only built as tombs) which would
suggest that each king wanted a monstrous pyramid sepulchre
for himself. If we could doubt that Cheops valued his
brother and his family very highly, we should find convincing
proof of the fact, in the circumstance that he allowed
enormous sums to be expended on his brother’s pyramid,
and a great quantity of labour to be devoted to its erection,
at the time when his own was in progress at still greater
expense, and at the cost of still greater labour. But if he
thus highly esteemed his brother, and, regarding him as
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" the future ruler of Egypt, recognised in him the same almost
sired qualities which the people of Egypt taught their
nlers to recognise in themselves, what was to prevent him
fom combining the moneys and the labours which were
devoted to the two pyramids in the construction of a single
krger pyramid, which could be made doubly secure, and
more perfectly designed and executed ? Is anything what-
ever known respecting either the Egyptians or any race of
tomb-loving, or rather corpse-worshipping people, which
would lead us to suppose that a number of costly separate
tomb pyramids would have been preferred to a single, but
far larger, pyramid-mausoleum, which should receive the
bodies of all the members of the family, or at least of all
those of the family who had ruled in turn over the land?
If we could imagine for a moment that Cheops would have
objected to such an arrangement, is it not clear that when
he died his successors would have taken possession of his
pyramid, removing his body perhaps, or not allowing it to
be interred there, ¢ the sole or even the chief purpose
for which a pyramid was erected was that it might serve
as a gigantic tomb ?

We may indeed note as a still more fatal Ob_]eCthl‘l to
the theory that the chief purpose for which a pyramid was
built was to serve as the builder's tomb, that it would have
been little short of madness for Cheops to devote many
years of his life, enormous sums of money, and the labour
of myriads of his people, to the construction of a building
which might and probably would be turned after his death
to some purpose quite different from that for which he in-
tended it. It is not to be supposed, and indeed history
shows it certainly was not the case, that the dynasties which
ruled over Egypt were more secure from attack than those
which ruled elsewhere in the East during those days. Cheops
cannot have placed such implicit reliance on his brothe’
Chephren’s good faith as to feel sure that, after his ow!
death, Chephren would complete the pyramid, plac
Cheops’s body in it, and close up the entrance so secure:

L2
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time, may we not assume that the particular purpose which
Chephren’s pyramid subserved to Chephren only, was
nevertneless such a purpose as in some way advanced the
interests of the dynasty? Nothing in the history of the
dynasty implies that the relations among its members were
very much more cordial than those usually prevailing among
kings and their relatives. It would have implied singular
generosity on Cheops’s part, renewed by Chephren towards
Mycerinus, and by Mycerinus towards Asychis, thus to have
helped in the erection of mere tombs for their several heirs
while these were still dependent upon them. But if the
fortunes of the dynasty were in some way involved, or sup-
posed to be involved, in these structures, the case would be
entirely altered. It is a characteristic feature of my theory
tespecting the pyramids, though it certainly was not the
point which suggested the theory (and, as the reader of my
“Myths and Marvels ” is aware, was not even touched upon
in my original presentation of the theory), that it explains,
not merely satisfactorily butfully, this particular circumstance,
viz, that it was worth the reigning king’s while to have
special attention paid to the construction, not merely of
his brother’s pyramid, but also of his eldest son’s large
pyramid, of his three other sons’ small pyramids, and of
his six daughters’ still smaller pyramids. There seems
reason to believe that all these were put in hand, so to
speak, nearly at the same time, though the great pyra-
mid of Cheops, owing to the enormous scale on which
the preliminary works were constructed, was probably not
actually begun till some time after the others. Very
probably the three small pyramids beside the third, the
largest of which is the fourth pyramid or the pyramid of
Asychis, were all commenced during the lifetime of Cheops.
Thus the relative dimensions of the several pyramids, as
shown in the accompanying map, Fig. 3, would correspond |
to the relative importance attached by Cheops to thf
fortunes—always as associated with his—of the variot
members of his own family. This would explain, what hi

-
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hitherto been thought perplexing, the singularly reduced
scale on which the pyramid of Mycerinus is built, and the
still further and most marked reduction in the case of the
pyramid of Asychis. It is not at all likely that Mycerinus,
if building a pyramid for himself, would have been content
with a smaller pyramid than that of Cheops himself. On
the contrary, all that we know of human nature, and espe-
cially of the nature of the Egyptian kings, assures us that

5
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each successive monarch would have endeavoured to sur-
pass his predecessors. On the other hand, if Cheops
assigned the proportions of a series of pyramids, one for
each member of his family, he would naturally arrange them
in order of magnitude as we see them in Fig. 3. To his
brother and next heir, his right hand probably in the govern-
ment of Egypt, he would assign a pyramid second only in
dimensions to his own, though greatly inferior in quality.
T~ his eldest son, young doubtless when the pyramids were
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begun, he would assign a much smaller pyramid (No. 3) ¢
but as this son was to sunoceed Chephren as king. Cheops
would give him, like Chephren, a separate enclosure ¢ while
to his vounger sons and to his daughters he would assign
pyramids not only smaller, but enclosed within the same
area as his own. Space seems to have been left for
Chephren’s family, should he have any : but it appeaws he
had no children. To Asychis, his grandson, Cheops would
assign a pyramid about as large as those of his own younger
sons. It is noteworthy, by the way, that the lincar dimen.
sions of the pyramid of Asychis are less than those of the
pyramid of Myocerinus, in the same degree that those are
less than the linear dimensions of the pyramid of Chcops.
Most certainly this distribution of the dimensions was not
that which Asychis himself, or Mycerinus, would have
selected.

I would submit in passing that this explanation of the
relative dimensions of the pyramids of Ghizch is somewhat
more natural than that given by the pyramid-religionists,
who insist that the great pyramid was built under divine
superintendence (or by divinely inspired architects), and
not intended for a tomb at all, while all the other pyramids,
being meant for tombs, were therefore inferior in size and
construction. Not only is this explanation-- the only one
ever attempted of this most significant peculiarity of the
pyramid group—singularly extravagant in itsclf, and unsatis-
factory further as leaving Cheops, the first pyramid builder,
without any pyramid for his tomb, but it gives no cxplanae
tion whatever of the descent in scale from Chephren’s
pyramid to that of Mycerinus, and from this to the pyramid
of Asychis.

Again, however, I have to note that the circumstance
here dwelt upon was not one of those which suggested my
theory, nor was it noticed in the paper in which I first ad-
vocated that theory. It is one of those pieces of cvidence
which is almost certain to be noticed in favour of a true
theory some time after other evidence has caused sucl






THE PYRAMIDS OF GHIZEH. 153

stones, so as to give it a smooth pyramidal form, and left it
in fact a finished Egyptian and Pharaonic pyramid to all
posterity ; and no mean realisation either of prevailing ideas
among some early nations, of burying their monarchs s«
montibus altis, in impressive quiet, immovable calm, and
deep in the bosom of mother earth.’

Although Lepsius states that he discovered this solution
of the riddle of pyramidical construction, it was in part
suggested earlier by James Wilde, and is thus described in
the letterpress accompanying Frith’s large photographs of
Egypt : ‘A rocky site was first chosen, and a space made
smooth, except a slight eminence in the centre to form a peg
upon which the structure should be fixed ’ (which is absurd).
¢ Within the rock, and usually below the level of the future
base, a sepulchral chamber was excavated, with a passage
inclined downwards, leading to it from the north.” After
describing the way in which the work proceeded, the ac-
count goes on to say that ¢in this manner it was possible
for the building of a pyramid to occupy the lifetime of its
founder, without there being any risk of his leaving it in-
complete to any such degree as would afford a valid excuse
for his successor neglecting to perform his very moderate part,
of merely filling up the angles and smoothing off generally.’

This, however, is not precisely the same as Lepsius’s law,
and is manifestly less complete and less satisfactory.

But in the first place I am not at all disposed to admit
that Lepsius’s law, even though it explains the manner in
which the pyramids may have been built, is either proved by
any evidence cited in its favour, or in turn proves anything
respecting the purpose of any of the pyramids. It agrees
well with the theory that the pyramids, including, of course,
the great one, served as tombs for the several persons to
whom they belonged or were assigned. But no one thinks
of questioning this, so far as all the pyramids, except the
great one, are concerned ; and I apprehend that very few
share Professor Smyth’s faith that King Cheops never was
buried, and was never meant to be buried, in the pyramid -
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ing would be set too far north unless correction were made
for the refraction of the atmosphere ; while if they adopted
the stellar method, the building would be set too far south.
Wherefore, as we find the centre of the great pyramid set
somewhat south of the latitude 30°
north which the builders clearly < N
intended to have it occupy—the ] ¥
error being about a mile and a
quarter, while, if refraction were
wholly neglected, it would have
been about a mile and three-
quarters—we may infer that the
astronomers who superintended the
arrangements for fixing the latitude
employed the stellar method ; that
they were exceedingly skilful ob-
servers, considering they had no
telescopic meridian instruments ; o
and (with less certainty) that they
made some correction for atmo-
spheric refraction.

I show also fully in that article
that astronomers using the stellar
method for that purpose would
most certainly employ it to set the
sides of the ‘pyramid’s’ square
base facing as exactly as possible
the four cardinal points. One
method would certainly present
itself, and only one would be at all
suitable for this purpose. 'They
would take their pole-star, what-
ever it might be, and would note
its direction when passing either just above or just below the
pole, as of course it does in every sidereal day. The direction
of the star at either of these epochs would be due north. But
how could they mark this direction on their selected base?

, and the position of the

s of the four chief pyramids

inclined passages.

F1G.4.—Showing the dimension
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They could in the first place set up a pointed upright,as s B
in fig. 5, at the middle of the northern edge of the base, and
another shorter one, c D, so that at one of the epochs, i€ -
would not matter which, an eye placed as at E would seethe
points ¢ and E in the same straight line as the pole star s.
Then the line p B would lie north and south.

This would only be a first rough approximation, how-
ever. The builders would require a much more satisfactory
north and south line than DB To obtain this they would
bore a slant passage in the solid rock, as b G, which should

%

Narth

Fii. 5.~ Showing how the builders of the pyramid probably
obtained their base.

puint directly to the pole-star s when due north, starting
their boring by reference to the rough north and south line
bR, but guiding it as they went on, by noticing whether the
pole-star, when due north, remained visible along the
passage.  But they would now have to make a selection
hetween its passage above the pole and its passage below
the pole. In using the uprights p and B, they could take
cither the upper or the lower passage ; but the underground
boring could have but one direction, and they must choose
whichever of the two passages of the star they preferred.
We cannot doubt they would take the lower passage, not
only as the more convenient passage for observation, but
because the length of their boring DG would be less, for a
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given horizontal range ¥, if the lower passage of the star
s were taken, than it would be for the upper passage, when
" its direction would be as D 6.

When they had bored far enough down to have a suffi-
dient horizontal range F D (the longer this range, of course, the
truer the north and south direction), they would still have to
ascertain the true position of F, the point vertically above G.
For this purpose they would get F first as truly as they could
from the line DB prolonged, and would bore down from F
vettically (guiding the boring, of course with a plumb-line),
until they reached the space opened out at . The boring
Fomight be of very small diameter. Noting where the
plumb-line let down from F to G reached the floor of the
space G, they would ascertain how far F lay to the east or to
the west of its proper position over the centre of the floor of
this space. Correcting the position of F accordingly, they
would have ¥ D the true north-and-south line.

This method could give results of considerable accuracy ;
and it is the only method in fact which could do so. When,
therefore, we find that the base of the pyramid 7s oriented
with singular accuracy, and secondly that just such a boring
as DG exists beneath the base of the pyramid, rumning three
hundred and fifty feet through the solid rock on which the
Yyramid is built, we cannot well refuse to believe that the
slant passage was bored for this purpose, which it was so
well fitted to subserve, and which Zas been so well sub.
served in some way.

Now, if this opinion is adopted, and for my own part I
cannot see how it can well be questioned, we cannot possibly
accept the opinion that the slant tunnel was bored for
another purpose solely, or even chiefly, unless it can be shown
that that other purpose in the first place was essential to the

plans of the builders, in the second place could be sub-
served in no other way so well, and in the third place was
manifestly subserved in this way to the knowledge of thos
who made the slant borings. Now, it certainly is the cas
that, noting the actual position of this slant boring, we ca

d
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To assert that all these events lay within the view of the
architect who seemed so carefully to endeavour to render
them impossible, is to ask that men should set their reason-
ing faculties on one side when the pyramid is in question.
And lastly, we have not a particle of evidence to show that
the builders of the pyramid had any idea that the date of
the building ould be indicated by the position of the great
slint passages. They may have noticed that the pole-star
was slowly changing its position with respect to the true pole
of the heavens ; and they may even have recognised the
rate and direction in which the pole-star was thus moving.
But it is utterly urlikely that they could have detected the
fact that the pole of the heavens circles round the pole of
the ecliptic in the mighty processional period of 25,920
years ;! and unless they knew this, they would not know
that the position of the slant passage would tell future genera-
tions aught about the pyramid’s date. On all these
accounts, (1) because the builders probably did not care at
all about our knowing anything on the subject, (2) because

! If the architect of the great pyramid knew anything about the
great processional period, then—unless such knowledge was miraculously
communicated— the astronomers of the pyranid’s time must have had
evidence which could only have been obtained during many hundreds

" of years of exact observation, following of course on a long period

during which comparatively imperfect astronomical methods were em-
ployed. Their astronomy must therefore have had its origin long
before the date commonly assigned to the Flood. In passing I may
remark that in a paper on the pyramid by Abbé Moigno, that worthy
but somewhat credulous ecclesiastic makes a remark which seems to
show that the stability and perfection of the great pyramid, and there-
fore the architectural skill acquired by the Egyptians in the year 2170 B.C.
(a date he accepts), proves in some unexplained way the comparative
youth of the human race. To most men it would seem that the more
perfect men’s work at any given date, the longer must have been the
preceding interval during which men were acquiring the skill thu
displayed. On the contrary, the pyramids, says Abbé Moigno, *giv
the most solemn contradiction to those who would of set purpose thro
back the origin of man to an indefinite remoteness.” It would ha
been well if he had explained how the pyramids do this.
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inches, or about a fiftieth of an inch less. For a person of
average height, it is equal to about the distance from the
elbow to the tip of the middle finger, plus a hand’s-breadth,
the former distance being the natural cubit (for a person of
suchheight). The natural cubit is as nearly as possible half-
ayard, and most probably our yard measure is derived from
this shorter cubit. The working cubit may be regarded as
along half-yard, the double working cubit or working Egyp-
tian yard measure, so to speak, being 41} inches long.

The length of the base-circuit of the great pyramid may
be most easily remembered by noticing that it contains as
many working cubits as our mile contains yards, viz., 1,760 ;
giving 440 cubits as the length of each of the four sides of
the base. If Lincoln’s Inn Fields were enlarged to a square
having its sides equal to the greatest sides of the present
Fields, the area of this, the largest ‘square’ in London,
would be almost exactly equal to that of the pyramid’s basc
—or about 134 acres. The front of Chelsea Hospital has
almost the same length as a side of the pyramid’s base, so
also has the frontage of the British Museum, including the
houses on either side to Charlotte Street and Montaguc
Street.  The average breadth of the Thames between
Chelsea and London Bridge, or, in other words, the average
span of the metropolitan bridges, is also not very different
from the length of each side of the great pyramid’s base.
The length measures about 761 feet, or nearly 254 yards.
Each side is in fact a furlong of 220 double cubits or Egyp-
tian yards.

The height of the pyramid is equal to seven-elevenths
of the side of the base, or to 280 cubits, or about 484 feet.
This is about 16 feet higher than the top of Strasburg
Cathedral, 24 feet higher than St. Peter’s at Rome, and is
about 130 feet higher than our St. Paul’s.

These are all the dimensions of the pyramid’s exterior I
here propose to mention. Sir E. Beckett gives a number of
others, some of considerable interest, but of course all de-

fivable from the fact that the pyramid has a square base 440
M2


















|

THE PYRAMIDS OF GHIZEH. 169

tyranny and selfishness, the less durable structures of our
own age are, in the main, records of at least the desire to
increase the knowledge, to advance the interests, and to ame-
liorate the condition of the human race. No good whatever
has resulted to man from all the labour, misery, and expense
involved in raising those mighty structures which seem fitted
to endure while the world itself shall last. They are and
ever have been splendidly worthless. On the other hand, the
less costly works of our own time, while their very construc-
tion has involved good instead of misery to the lowlier classes,
have increased the knowledge and the well-being of man-
kind. The goodly seed of the earth, though perishable
itself, germinates, fructifies, and bears other seed, which will
in turn bring forth yet other and perchance even better fruits ;
50 the efforts of man to work good to his fellow man instead
of evil, although they may lead to perishable material results,
will yet germinate, and fructify, and bear seed, over an
ever-widening field of time, even to untold generations.
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In 1873, attracted by questions raised respecting solar
influences, Professor Jevons discussed the data in Professor
Thorold Rogers’s ¢ Agriculture and Prices in England since
1259 He then believed, he tells us somewhat naively, that
‘he had discovered the solar period’ in the prices of corn

and various agricultural commodities, and he accordingly
read a paper to that effect at the British Association at
Bristol. Subsequent inquiry, however, seemed to show that
periods of three, five, seven, nine, or even thirteen years, would
agree with Professor Rogers'’s data just as well as a period of
deven years; in disgust at which result, Professor Jevons
withdrew the paper from further publication. He still looks
back, however, with some affection on that, his first essay
towards ¢ finding the solar period’ in terrestrial relations, and
quotes now, with a certain complacency, a passage from the
paper he had withdrawn in disgust from the proceedings of
the British Association. ¢ Before concluding,’ he says in
this passage, ¢ I will throw out a surmise, which, though it is
2 mere surmise, seems worth making. It is now pretty
generally allowed that the fluctuations of the money market,
though often apparently due to exceptional and accidental
events, such as wars, panics, and so forth, yet do exhibit a
remarkable tendency to recur at intervals approximating to
ten or eleven years. Thus, the principal commercial crises
have happened in the years 1825, 1836-39, 1847, 1857,
1866, and I was almost adding 1879, so convinced do I feel
that there will, within the next few years, be another great
crisis.  Now, if there should be, in or about the year 1879,
agreat collapse comparable with those of the years mentioned,
there will have been five such occurrences in fifty-four years,
giving almost exactly eleven years (10.8) as the average
interval, which sufficiently approximates to 11.1 years, the
stpposed exact length of the sun-spot period, to warrant
speculations as to their possible connection.’
However, Professor Jevons, though he had done his best
to follow the course laid down for such researches ‘by those
who are determined, above all things, that some terrestrial
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cycles shall be made to synchronise with the sun-spot cycle,’ !
had been thus far disappointed. ‘I was embarrassed,’ he
says, ‘by the fact that the commercial fluctuations could
with difficulty be reconciled with a period of 11.1 years. If,
indeed, we start from 1825 and add 11.1 years time after
time, we get 1836.1, 1847.2, 1858.3, 1869.4, 1880.5, which
shows a gradually increasing discrepancy from 1837, 1847,
1857, 1866, and now 1878, the true dates of the crises.’
The true cycle-hunter, however, is seldom without an ex-
planation of such discrepancies. ‘I went so far,’ he says,
and again his naiveté is charming, ‘as to form the rather
fanciful hypothesis that the commercial world might be a
body so mentally constituted,as Mr. John Mill must hold, as
to be capable of vibrating in a period of ten years, so that it
would every now and then be thrown into oscillation by
physical causes having a period of eleven years’ Un.
fortunately for the scientific world, which could not have
failed to profit greatly from the elucidation of so ingenious
a theory, even though it had subsequently been found well
to withdraw it, Professor Jevons became acquainted about
this time with some inquiries by Mr. J. A. Broun, tending to
show that the solar period is 10.45 years, not 11.1. This
placed the matter in a very different light and removed all
difficulties. ¢ Thus, if we take Mr. John Mill’s ¢ Synopsis of
Commercial Panics in the Present Century,” and rejecting
1866, as an instance of a premature panic’ (this is very
ingenious), ‘count from 1815 to 1857, we find that four
credit cycles occupy forty-two years, giving an average
duration of 10.5 years, which is a remarkably close approxi-
mation to Mr. Broun’s solar period.’

Encouraged by the pleasing aspect which the matter had

! ¢The thing to hunt down,’ says one of these, ¢is a cycle, and if
that is not to be found in the temperate zones, then go to the frigid
zones or to the torrid zone to look for it; and if found, then above all
things and in whatever manner (!) lay hold of, study, and read it, and
see what it means,’—or make a meaning for it, if it has none, he should
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series of commercial crises is to be connected, or otherwise,
with the series of sun-spot changes, let it be permitted to us
to separate the actually recorded crises from those which
Professor Jevons has either invented (as 1701, 1711, and
1732), or assumed (as 1742, 1752, and 1804-5). There
remain the dates 1721, 1763, 1772-3,1783, 1793, 1815, 1825,
1836-39, 1847, 1857, 1866 and 1878. The corresponding
intervals (taking, when an interval instead of a date is given,
the date midway between the two named), are as follows :
42 years, 9% years, 10} years, 10 years, 22 years, 10 years,
12} years, 9} years, 1o years, g9 years, and 12 years. The
evidence for the decennial period is not demonstrative, and
the logical condition of the mind which, in presence of this
evidence, ‘can entertain no doubt whatever’ that the true
average period is 10.466 years—which, be it noted, is a
period given to the thousandth part of a year, or to about 83
hours—must be enviable to those who possess a much
smaller capacity for conviction—that is, a much greater
capacity for doubt.

But it may happen, perchance, that the irregularity of
the recurrence of crises affords evidence in favour of a connec-
tion between commercial panics and the sun-spot period.
It is well known that the epochs when the sun is most
spotted do not occur at regular intervals, either of 11.1
years, 10,45 years, or any other period. If the irregularities
of the sun-spot period should be reflected, so to speak, in
the irregularities of the panic period, the evidence would be
even more satisfactory than if both periods were quite
regular and they synchronised together. For in the latter
case there would be only one coincidence,—a coincidence
which, though striking, might yet be due to chance ; in the
other there would be many coincidences, the co-existence of
which could not reasonably be regarded as merely for-
tuitous. ‘

Only, at the outset it may be as well to determine before-
hand what our conclusions ought to be, if no such resem.
blance should be recognised between the irregularities of
the two periods. We must not, perhaps, expect too close a












182 FAMILIAR SCIENCE STUDIES

urged, within the last hundred years too, respecting solar
influences.

Let us turn, however, to the actual records of sun-spots,
and compare them with Professor Jevons’s list of commercial
crises.

We have no better collection of evidence respecting sun-
spots than that formed by Professor Wolff. Broun and
Lamont have called in question some of Wolff’s conclu-
sions, as will presently be more particularly noticed. But,
in the main, Wolff’s evidence remains unshaken. Very few
astronomers—we may even say no astronomers of repute
—have adopted the adverse views which have been thus
expressed, and certainly none, even among those who have

admitted the possible validity of such views on points of”
detail, entertain the least doubt respecting the general

validity of the conclusions arrived at by Wolff.

After carefully examining all the evidence afforded by~
observatory records, the note-books of private astronomers,,
and so forth, Wolff has deduced the following series of dates

for the maxima and minima of solar disturbances since the=

year 1700 :

Intervals in Dates of Possible Intervals in Dates of i Possible
years, Maxima. e;x;«.:;sx.n years, Minima. ' e;‘g:;.n
12.5 1705.0 2.0 11.0 1712 0 1.0
10.0 1717.5 1.0 10.0 1723.0 1.0
11.0 1727.5 1.0 | 120 1733.0 1.5
11.5 1738.5 1.5 10.7 1745.0 1.0
11.5 1750.0 1.0 10.8 1755.7 0.5

8.5 1761.5 0.5 9.3 1766.5 0.5
9.5 1770.0 o5 9.0 1775.8 0.5
9.0 1779.5 o5 | 13.7 1784.8 0.5
15.5 1788.5 0.5 12.0 1798.5 0.5 |
12.8 1804.0 ' o1 | 127 | 1810.% 0.5 !
12.7 1816.8 | o5 || 106 i 18232 0.2 i
7.7 1829.5 | 0.5 10.2 1833.8 0.2
11.4 1837.2 0.5 12.2 1844.0 0.2
11.6 1848.6 o.5 i 109 1856.2 0.2
10.6 1860.2 o2 | 114 1867.1 o.1 /
! I . !
1870.8 I i 1878.5 I

|
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The dates below the line are not in Wolff’s list.

Itwould be difficult, I conceive, for the most enthusi-
astic believer in sun-spot influences to recognise any con-
Dection between the crises and the variations of solar macula-
tion, whether Professor Jevons’s list or the natural crises be
considered. To quote from an article in the London
‘Times, which has been attributed to myself (correctly):

Taking 51 years as the average interval between the maximum and
minimum sun-spot frequency, we should like to find every crisis occur-
ring within a year or so on either side of the minimum ; though we
should prefer, perhaps, to find the crisis always following the time of
fewest sun-spots, as this would more directly show the depressing effect
of aspotless sun. No crisis ought to occur within a year or so of
maximum solar disturbance ; for that, it should seem, would be fatal
to the suggested theory. Taking the commercial crises in order, and
comparing them with the (approximately) known epochs of maximum
and minimum spot frequency, we obtain the following results (we itali-
dise numbers or results unfavourable to the theory) : The doubtful [I
ought to have written ‘assumed’] crisis of 1701 followed a spot minimum
by three years ; the crisis ¢ (imagined) ’ of 1711 preceded a minimum
by one year; that of 1721 preceded a minimum by fwo years; 1731-32
‘(imagined crisis) ’ preceded a minimum by one year ; 1742 ¢(no crisis
known)’ preceded a minimum by #4ree years ; 1752 (no crisis) followed
amaximum by Zwo years; 1763 followed a maximum by a year and a
half; 1772-73 came midway between a maximum and a minimum ;
1783 preceded a minimum by »early fwo years ; 1793 came nearly mid-
wiybetween a maximum and a minimum ; 1804-05 ¢(no known crisis)’
‘wincided with a maximum ; 1815 preceded a maximum by fwo years ;
1825 followed a minimum by fwo years; 1836-39 éncluded the year
1837, of maximum solar activity (that being the year, also, when a
Cmmercial panic occurred in the United States;’) 1857 preceded a
Minimum by one year [this case was, by some inadvertence of mine,
omitted from the ¢ Times’ article]; 1866 preceded a minimum by a
Yer; and 1878 follows 2 minimum by a year. Four favourable cases
it should have been five] out of seventeen [it should have been
tighteen| can hardly be considered convincing. If we include cases
lying within two years of a minimum, the favourable cases mount up to
Seven (eight) leaving ten unfavourable cases.

»

I might have added, at this point, that if a number of
dates were scattered absolutely at random over the interval
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Wolff calls the modern series, viz., from 1750 onwards. It
would be just as much or as little to the purpose to reply
that the six intervals from the first maximum of the present
century, 1804.0, to the last, which cannot be set earlier than
1870.6, have an average length of exactly 11.1 years. Itis
admitted that five or six periods do not afford sufficient
evidence to determine the average, and for my own part,
I may as well admit that I doubt the stability of the sun-
spot period altogether, believing that in one century it may
amount to fifteen or twenty years, and in another to seven
or eight. But at least the observations of the present
century and the mean period of 11.1 years resulting from
them are open to no sort of question, whereas the very
arguments on which Professor Jevons and Mr. Broun insist
in opposing Wolff’s conclusions would (if admitted) shake
all faith in the evidence he adduces from Wolff’s earlier
dates of maxima and minima.

The next point insisted on by Professor Jevons seems
still less to the purpose, except as bearing on Wolff’s general
accuracy. ‘Almost more serious,” he says, as regards the
credibility of Dr. Wolff’s results is the fact that Mr. Broun
gives good reasons for believing that the year 1776 was a
year of maximum sun-spots, whereas Dr. Wolff sets that
very year down as one of minimum sun-spots.” The following
are Broun’s own words : ¢ There are no means of testing
the earlier epochs of Dr. Wolff ; but no long period given
by him will be satisfied by them. If I have already shown
good grounds for substituting a maximum in 1776 for Dr.
Wolff’s minimum, a similar change in some of the epochs of
the preceding century and a half may be quite possible.’
¢ Now, a highly scientific writer in the ¢ Times,”’ proceeds
Professor Jevons, ¢ has condemned the theory of decennial
crises, because the dates assigried will not agree with those of
maximum and minimum sun-spots, taken, no doubt, accord-
ing to Dr. Wolff’s estimates ; and an eminent French statist
has rejected the theory on the same ground. I think I am
entitled, therefore, to point to the doubts which Mr. Broun's
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For, after all, the strongest evidence against the theory
that commercial crises depend on sun-spots, is given by
those crises and sun-spot waves about which there is no
sort of doubt or question—the crises on the one hand, and
the maxima and minima of sun-spots on the other, recorded
during the present century. The study of the second half
of the table given above will satisfy any unprejudiced person
that this is the case, from the crisis of 1804—5 (which never
took place, but must be assumed to have taken place, to
make up the series for the decennial theory of crises), to
the crises of 1866 and 1878, we have crises occurring it
every part of a sun-spot wave—on the crest, on the valley¢
on the ascending slope, and on the descending slope. No §-
theory of association can hold out against such obvious
evidence of the absolute independence of the two orders of
events.! .

! The matter has been well summed up by a correspondent of the

¢ Athenxum.’ ¢ Professor Jevons,” he says, ¢seems to attach great
weight to the length of the average sun-spot period ; but if the aversge
length of the period between commercial crises during a couple of cet*,
turies were shown to be identical with, or to differ but slightly from,
the average period of sun-spots, this would be but a small step towards
proving association between the two phenomena, The separate peri

of minima must be shown to correspond with speculative crises, and
the curve also must be proved to be of the same character. Professor
Jevons does not appear to be aware that Dr. Wolff has in the forty:
third volume of the ¢ Memoirs of the Astronomical Society,” given 8
list of the manuscripts and printed authorities from which he derives
his data.  Similar but fuller information is supplied by Dr. Wolff in
the pages of his ‘¢ Astronomische Mittheilungen.” Dr. Wolff does not
pretend to equal accuracy for all the periods, but there can be little
doubt with regard to the sun-spot periods which have occurred during
this century, and according to Professor Jevons, there seem to be

serious discrepancies between these and the periods of commercial des
pression.’
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COLD AND WET.

Dav after day throughout May, June, and July, 1879, the
same monotonous record continued—* The mean temperature
has been considerably below the average.’ Taking monthly
means, we have to go back as far as October, 1878, for a
month which was as warm as the average of former years.
The cold of-the winter months, though of course far more
bitter, attracted less attention—we may even say excited less
apprehension—than the cold which prevailed through May,
June, and July. Accompanied by an unusually, though not
quite unprecedentedly, heavy rainfall, the average rainfall for
the whole year having been exceeded before the end of July,
the low temperature, which actually has been unprecedented
" since trustworthy records of such matters have been kept,
excited a feeling of anxiety, if not of alarm. Many are in-
quiring whether some change may not have occurred by
which the climate itself of this country, and, indeed, of the
whole of Europe, has been modified. Perhaps the favourite
theory in this direction is that the Gulf Stream has changed
its course. But others take a still more melancholy view of
matters, imagining that not Europe alone, but the whole
earth, has experienced some dismal change. Either the
sun has ceased to pour the due amount of heat upon the
earth or the planets have combined to destroy our comfort,
or else the whole of the solar system, in the course of its
well known motion towards the constellation Hercules, has
passed into some region where cosmical cold prevails, and
suffers accordingly. It happens, unfortunately, that the
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and observations by which Professor Smyth has determined
the proportions of the Great Pyramid, must be carefully
distinguished from the wild fancies which have led him to
believe that the future of the world was prefigured in stone
in that building 4,050 years ago.

It may be well to consider how far the weather we have
recently experienced can be regarded as abnormal (unusual
it certainly has been), that those who take a rational view
of such matters may form an opinion as to the prospect of
approaching change, while the fanciful and superstitious may
possibly find reason for believing that, after all, the beginning
of the end may not yet have commenced.

In the first place, we know from the imperfect records of
olden times that long periods of cold and rainy weather have
from time to time been experienced in this country and in
Europe generally during past centuries. It is interesting
to notice that the long-continued cold of the years 1593 and
1594 led many to form views as gloomy respecting the
future as those which many ill-informed persons recently

entertained. In the middle summer of the latter of those
Years Shakespeare wrote his Midsummer Night's Dream.
He describes, in Titania’s rebuke of Oberon, the bitter
Weather which had then prevailed for months in England : —

The winds, piping to us in vain,
As in revenge, have suck’d up from the sea
Contagious fogs ; which, falling in the land,
Have every pelting river made so proud,
That they have overborne their continents ;
The ox hath therefore stretch’d his yoke in vain,
The ploughman lost his sweat ; and the green corn
Hath rotted ere his youth attain’d a beard ;
The fold stands empty in the drowned field,
And crows are fatted with the murrain flock ;
The nine-men’s morris is fill’'d up with mud ;
And the quaint mazes in the wanton green,
For lack of tread are undistinguishable ;

(Which, substituting the agricultural show and our cricket
o .
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feids for zine-men’s morts and S wanmn green, accords
closeiy encugh with cur recent experience)

Aad -arcugh this Sstemperacire we see

Tae seascns alter ; hcary-headed frosts

Fal n the fresh ap of the crimson rose ;

Axd cn sid Hyems' cain, aad icy aown,

Az odoroas chapler of sweet stmmer buds

I3, a3 in mockery, set ; the spring, the saummer,
Tkheir wonted Everies ; and the ‘mazed world,
By their increase, mow ixnows nat which is whick.

Nor is the interpretation of these troubles thereon advanced
much wilder than are some of the theories now gravely
urged and discussed. “And this same progeny of evil,
«uoth Titania,

Comes

From our debate, from our dissension ;
We are their parents and original.

The fairies have quite as much to do with our present
weather-troubles as the perihelia of Jupiter, Saturn, Uranus,
and Neptune.

But we have more exact evidence than poetical descrip-
tions such as these with which to compare our recent expe-
ricnce. For 115 years we have a series of records of
monthly mean temperatures in North Britain, and though it
would not be safe to infer from such a series that throughout
the whole of Great Britain the temperature had been below
or above the average when it was below or above respec-
tively on the shores of the Moray Firth and Firth of Forth,
yet it may safely enough be assumed that if we had records
as complete for any other spot in Great Britain, we should
find similarly long periods of low or high temperature.
From the records in question the following table has been
formed, in which all periods of low temperature, lasting
not less than five months, the mean temperature being
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ore than three degrees below the average, have been in-
nded :—

FP nder m

Date of Cold. Duration in empermtore of

the months.

February-November, 1782 . . 10 —5.1
January—August, 1799 . . 7 -3.8
October—March, 1799-1800 . 6 - -3.3
November-April, 1807-8 . . 6 -3.5
March-August, 1812 . . . 6 -3.4
October~March, 1813-14 . . 6 -3.6
November—August 1815-16 . 10 -3.5
}mﬂﬂy—May’ 1338 e 5 —4.2
anuary-May, 1855 . ’ 5 -3.5
December-April, 1859_60 . 5 -3.0

Itis noteworthy that during the 18 years preceding the
old interval of 1782, the most intense and, with one excep-
tion, the most protracted of the above series, there had been
I instance of a temperature more than three degrees
below the average and lasting so long as five months. Then
ame a period of 16 years without such a cold interval. So
that the occurrence of long protracted and intense cold does
ot necessarily render it likely that such falls of temperature
Wil for a while thereafter recur at short intervals. In the
16 years 1800—1816 there were no less than five instances of

- long-protracted cold ; but in the 63 years since 1816, only
three such instances have been recorded besides the period
of cold through which we passed in 1878-80. Whether this
great difference between the last 64 years and the preceding
16 is due merely to accident or to causes affecting observa-
tories situate near large cities is, as yet, not definitely made
out. If the latter view be adopted, the cold of the eight

months ending August 31, 1879 will appear the more ex-
ceptional. That period of cold exceeded in intensity any of
similar length of which we have authentic records. But the
period wanted a month of the longest recorded in the above
able. When we consider only cases in which the mean tem-

serature of the month has not exceeded the average, we find
o2
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before (according to the development theory), will not pass
his perihelion before the autumn of 1885, by which time
Jupiter will not be very far from aphelion. In other words,
whatever mischief our theorists associate with Saturn’s pas-
sage of the part of his orbit nearest the Sun ought presuma-
bly to be counteracted by Jupiter’s approach to the part of
his orbit farthest from the Sun. As for Uranus and Neptune
which lie respectively twice and three times as far from the
Sun as Saturn, while their combined mass is not a third of
his, their perihelion passages can hardly produce very terrible
results (somehow by the way astrology was as successfully
prosecuted before these planets were discovered as now,
when they must be considered in every horoscope). How-
ever, as a matter of fact, they do pass their perihelia in 1882,
at the convenient distances of about 1,700 and about 2,750
millions of miles respectively from our comparatively near
neighbour the Sun. Lest this statement should encourage
the notion that these two planets thus passing their perihelia
in one and the same year (terrible coincidence) are very
closely consorted to work mischief, let it be remarked that
throughout the whole of the five years during which such
terrible troubles are promised, the distance separating
Uranus and Neptune will not be less than about 3,500 mil-
lions of miles.

The question whether recent inclement weather de-
pends in any way on the Sun’s condition with regard to
spots is better worth discussing than the nonsense of the
astrologers. We may remark in passing, however, that
astrological absurdities have been to some degree encouraged
by the enunciation of the doctrine that the planets in their
courses influence the solar fluid envelopes and thus cause
the number of spots to increase or to diminish—a doctrine
for which there seemed some evidence so long as the average
solar spot period had not been accurately determined and
might therefore be supposed to synchronise with the period of
11 5-6th years in which Jupiter completes his circuit. Now
that the two periods are found to differ by three-quarters of
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mum of sun-spots in the middle of 1798 by about one year,
and preceding a maximum at the beginning of 1804 by four
years and a half. It fell then nearer a msnimum than a
. maximum and in the increasing phase of sun-spots. The
next cold interval, from October, 1799, to March, 1800, fell
on the same slope of a sun wave, but not so near a menfmum
by half a year. The next, from November, 1807, to April,
1808, fell about midway between the sun-spot maximum of
1804.0 and the minimum of 1810.5, but rather nearer the
minimum than the maximum and on the decreasing slope.
The next—March to August, 1812—occurred during the
increasing stage of sun-spots, following a minimum by two
years and preceding a maximum (1816.8) by rather more
than four years. The cold interval from October, 1873, to
March, 1814, fell on the same increasing slope, but as much
neater to the maximum as the former had been nearer to
the minimum. Then came the long cold interval from
November, 1815, to August, 1816. The middle of this
iterval fell in April, 1816, say 1816.3, or may be said to
bave coincided with the maximum of sun-spots in that year,
setat 1816.8. The cold interval of January to May, 1838,
folowed almost as closely after a maximum of sun-spots
(1837.2) as the cold interval of 1815-16 preceded one. That
of January toc May, 1855, preceded a minimum of sun-spots
(1856.2) by about a year. That of December, 1859, to
April, 1860, coincided exactly with the maximum of sun-
spots in 1860-2. And lastly the present cold period follows
only by a few months the mznimum of sun-spots in 1878,
We thus see that the most remarkable intervals of pro-
tracted cold during the last 115 years have occurred in all
parts of the sun-spot period indifferently—at the maximum,
at the minimum, midway between a maximum and the
following mzinimum, midway between a minimum and the
following maximum, soon after a maximum, soon after a
minimum, shortly before a minimum:, and lastly, shortly after
a minimum. It will be rather difficult, then, to show that
these cold periods depend directly or indirectly on the sun’s
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condition with respect to spots, though when the bare
announcement is made that the remarkable cold from which
we have suffered in 1879-80 came after the sun had long
been almost free from spots, many are ready to believe at
once that the cold has been caused by the sun’s spotless
condition.

On the whole, it may fairly be inferred that as yet,
despite our meteorological observations and long-continued
statistical researches, we are not able eithér to foretell
seasons of cold or heat, of rain or draught, nor at present
can any safe guess be made as to the duration of any cold
interval which may be in progress. It may be mentioned in
passing for the benefit of those who believe in weather
prophecies, that the 4/manack Mathieu, the favourite oracle
of French farmers, promised exceedingly warm weather from
the 1gth to the 26th of July, 1879, during which interval, in
reality, the temperature was considerably below the average




‘OUR WINTERS.

WhEN frost and snow prevail, we hear a good deal about
old-fashioned winters, seasonable Christmas weather, and so
forth, the idea being generally prevalent that some 30 or 40
years ago our winters were much colder than they are now,
ad that, in particular, December was of yore a month of much
frost and snow. Meteorological records give no support to
these views, which appear to be based solely on imperfect
Tecollection of bitter winters in the past, winters as exceptional
then as such winters are now, but remembered as though
!hey had occurred in successive years and for many years
I succession.  Forty years ago men spoke of old-fashioned
¥inters much as many of us do now. The belief was just
& prevalent then as now that some 3o or 4o years earlier
the winters had been much more severe than at the then
Present time, It is true this does not of itsclf prove that no
Such change has occurred as many believe in ; for the winters
8 years ago might have been as much bitterer than the
¥inters 40 years ago as these are supposed to have been
bitterer than our present winters. But we should have to
lieve in a much greater change during the last 8o years
than is assumed to have happened in the last 40 years. So
Ehat, as we have records of the winter weather 8o years ago,
It becomes easier to put the prevalent superstition about the
bitterness of past winters to the test. When this is done,
We find nothing to suggest that the average winter weather
80 or 100 years ago was severer than that which we now ex:

perience,
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this really was the case or not. The answer comes in no
doubtful terms. Gilbert White of Selborne has left a rough re-
cord of the weather from the beginning of 1768 to the end of
1792. Of the 25 yearsthus recorded, we find that three ended
with a fortnight of alternate rain and frost, in eight the last
fortnight was frosty, and in the remaining 14 that fortnight
was mild and rainy, mostly without frost, but in some of the
14 years a few slight frosts occurred. On the other hand,
at that time, as now, the first fortnight in January was com-
‘monly much colder than the last fortnight in December.
The neutral cases were four ; in eight years the first fortnight
in January was mild, and in the remaining 13 hard fros
prevailed during that fortnight. :
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ABOUT LOTTERIES.

Xwan essay which appeared a few years since in the Corn/ill
~Afagazine, I considered among gambling superstitions some
Telating indirectly to such ventures as are made when tickets
n lotteries are bought, a small certainty being exchanged
for the small chance of a large profit. Whether it is that
Inen are so well known to be inconsistent in such matters,
that if any one points out the folly of gambling he may be
regarded as almost certain to be a gambler himself, or
whether the case is a merely casual coincidence, I do not
know; but certain it is that during the years which have
elapsed since that essay appeared, I have received more
invitations to purchase lottery-tickets and to take part
in wildly speculative transactions than during any ten pre-
ceding years of my life. Not only so, but in some cases
invitations have been addressed to me to purchase tickets
from persons claiming to be exceptionally lucky in selecting
numbers. I have no doubt many of my -readers have
received such invitations, couched in terms implying that a
very special favour was offered which must be quickly
accepted lest it should be too late to gain the wealth
thus generously proffered. But it struck me as being a
singularly cool proceeding in my case, simply because much
that I had written bore directly not only on the question
whether such hopes as are held out in offers of the sort can
possibly be well founded, but also on this other question,
Can those who hold out such hopes be by any possibility
honest men? Without definitely expressing any opinion on












ABOUT LOTTERIES. 211

~lotteries that they join those started for charitable purposes.
. ‘The managers of these lotteries know this very well, though

—————— -

they may not be ready to admit very publicly that they do. If
pressed on the subject, they speak of spoiling the Egyptians,
of the end justifying the means, and so forth. But, as a
matter of fact, it remains true that these well-intentioned
folk, often most devout and religious persons, do, in the
pursuit of money for charitable purposes, pander to the
selfishness and greed of the true gambler, encourage the
growth of similar evil qualities in members of their own
community, and set an evil example, moreover, by sys-
tematically breaking the law of the country. It would be
harsh, perhaps, to speak strongly against persons whose in-
tentions are excellent, and who are in many cases utterly
free from selfish aims ; but they cannot be acquitted from a
charge of extreme folly, nor can it be denied that, be their
purpose what it may, their deeds are evil in fact and evil in
their consequences, It might be difficult to determine
whether the good worked by the total sum gained from onc
of these charitable lotteries was a fair equivalent for the mis-
chief wrought in getting it. But this total is not all gained
by choosing an illegal method of getting the sum required.
The actual gain is only some slight saving of trouble on the
pat of the promoters of the charitable scheme, and a
further slight gain to the pockets of the special community
in which the charity is or should be promoted. And it is
certain that these slight gains by no means justify the use of
anillegal and most mischievous way of obtaining moncy.
It would be difficult to find any justification for the system,
once the immorality of gambling is admitted, which might
not equally well be urged for a scheme by which the.proceeds
(say) of one week’s run of a common gaming-table should
be devoted to the relief of the sick poor of some religious
community. Nay, if charitable ends can at all justify
immoral means, one might go further still, and allow money
to be obtained for such purposes from the encouragement
of still more objectionable vices. We might in fact recog-
P2
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It was soon found, however, that people are so easily
alled in matters of chance, that the State could safely
ssume a very disinterested attitude. Having provided
rizes of definite value, and arranged the number of tickets,
t simply offered these for sale to contractors. The profit to
he State consisted in the excess of the sum which the con-
mactors willingly offered above the just value (usually 10/)
of each ticket. This sum varied with circumstances, but
generally was about 6/ or 7/. per ticket beyond the proper
price. That is, the contractors paid about 16/ or 17/ for
tickets really worth 10/. They were allowed to divide the
tickets into shares,—halves, quarters, eighths, and sixteenths.
When a contractor sold a full ticket he usually got about
fiom 21Z to 22/ for it ; but when he sold a ticket in shares
his gain per ticket was considerably greater. The object in
limiting the subdivision to one-sixteenth was to prevent
lbouring men from risking their earnings. It is hardly
necessary to say, however, that the provision was constantly
and easily evaded, or that the means used for evading the
lmitation only aggravated the evil. At illegal offices,
commonly known as ¢ little goes,’ any sum, however small,
could be risked, and to cover the chance of detection and
punishment these offices required greater profits than the
legal lottery- offices. ¢ All the efforts of the police,” we read,
‘were ineffectual for the suppression of these illegal pro-
ceedings, and for many years a great and growing repugnance
was manifested in Parliament to this method of raising any
part of the public revenue. At length, in 1823, the last
Act that was sanctioned by Parliament for the sale of lottery-
tickets contained provisions for putting down all private
lotteries, and for rendering illegal the sale, in this kingdom,
of all tickets or shares of tickets in any foreign lottery,’
which latter provision is to this day extensively evaded.

The earliest English lottery on record is thai of the year
1569, when 40,000 chances were sold at 10s. each, the prizes
being articles of plate, and the profit used in the repair o!
certain harbours, The gambling spirit seems to have devel






ABOUT LOTTERIES. 215

lotteries, it may be well to notice that the immorality of
lotteries was not recognised a century ago so clearly as it is
now ; and therefore, in effect, those who arranged them were
notso blameworthy as men are who, in our own time, arrange
lotteries, whether openly or surreptitiously. Even so late as
half a century ago an American lawyer, of high character,
was not ashamed openly to defend lotteries in these terms.
‘Tam no friend,’ he said, ‘to lotteries, but I cannot admit
that they are per se criminal or immoral when authorised by
law. If they were nuisances, it was in the manner in which
they were managed. In England, if not in France’ (how
‘strange this sounds), ¢ there were lotteries annually instituted
by Government, and it was considered a fair way to reach
the pockets of misers and persons disposed to dissipate
their funds. The American Congress of 1776 instituted a
national lottery, and perhaps no body of men ever surpassed
them in intelligence and virtue.’” De Morgan, remarking on
this expression of opinion, says, that it shows what a man
of high character for integrity and knowledge thought of
ltteries twenty years ago (he wrote in 1839). ¢The
opinions which he expressed were at that time,” continues
De Morgan, ¢shared, we venture to say, by a grcat num-
T
The experience of those who arranged these earlier
State lotteries showed that from men in general, especially
the ignorant (forming the great bulk of the population
who place such reliance on their luck), almost any price may
be asked for the chance of making a large fortune at one
lucky stroke. Albeit, it was seen that the nature of the
frand practised should preferably be such that not one man
in a thousand would be able to point out where the wrong
really lay. Again, it was perceived that if the prizes in a
lottery were reduced too greatly in number but increased in
size, the smallness of the chance of winning one of the few
prizes left would become too obvious. A system was re-
quired by which the number of prizes might seem unlimited
and their possible value very great, while also there should
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be a possibility of the founders of the lottery not gettir —=%
back all they ventured. So long as it was absolutely certa— —s\0
that, let the eventbe what it might, the managers of the lottemsc =1
would gain, some might be deterred from risking the=—x!
money by the simple statement of this fact. Moreove—=x
under such conditions, it was always possible that at somr—wsn
time the wrath of losers (who would form a large part o ©
the community if lottery operations were successful) migHlE —h
be roused in a dangerous way, unless it could be showess¥n
that the managers of public lotteries ran some chanc- =€
though it might be only a small chance, of losing, and eve==n
some chance of ruin as absolute as that which might be=-
fall individual gamblers.

It was to meet such difficulties as these that lotter—Y
systems like that sometimes called the Geneva system wer—<€
invented. This system we propose now to describe, as illu= —
trating these more speculative ventures, showing in particulze X
how the buyers of chances were defrauded in the favourit €
methods of venturing.

In the Geneva lottery there are ninety numbers. A%
each drawing five are taken. The simplest venture is mad €
on a single number. A sum is hazarded on a namec®
number, and if this number is one of the five drawn, th €
speculator receives fifteen times the value of his stake -
Such a venture is called a simple drawing. It is easy to se €
that in the long run the lottery-keeper must gain by thi=
system. The chance that the number selected out of nine®&y”
will appear among five numbers drawn, is the same that =
selected number out of eighteen would appear at a singl€
drawing. It is one chance in eighteen. Now if a persoT™>
bought a single ticket out of eighteen, each costing (say) 1Z- »
his fair prize if he drew the winning ticket should be 182~
This is what he-would have to pay to buy up all thhe&
eighteen tickets (so making sure of the prize). The positiox®
of the speculator who buys one number at 1/, in the Genev&
lottery, is precisely that of a purchaser of such a ticket, only”
that instead of a prize being 18Z, if he wins, it is only 1 54
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! lottery-keeper's position on a single venture is not pre-

ly that of one who should have sold eighteen tickets at
" JF¥ each for 2 lottery having one prize only ; for the latter
=¥ would be certain to gain money if the prize were any sum
short of 18/, whereas the Geneva lottery-keeper will lose
. ona single venture, supposing the winning number is drawn,
.though the prize is 15/ instead of 18/ But in the long run
the Geneva lottery-keeper is certain to win at these odds.
He is in the position of a man who continually wagers odds
of 14 to 1 against the occurrence of an event the real odds
against which are 17 to 1. Or his position may be compared
to that of a player who takes seventeen chances out of
eighteen at (say) their just value, 1/ each, or 17Z in all, his
Opponent taking the remaining chance at its value, 1/., but
istead of the total stakes, 18/, being left in the pool, the
purchaser of the larger number abstracts 3/ from the pool at
tach venture. .

That men can be found to agree to such an arrangement
& this shows that their confidence in their own good fortune
lakes them willing to pay, for the chance of getting.fifteen
times their stake, what they ought to pay for the chance of
getting eighteen times its value. The amount of which
they are in reality defrauded at each venture is easily calcu-
lted Suppose the speculator to venture 1/, Now the
actual value of one chance in eighteen of any prize is one-
tighteenth of that prize, which in this case should therefore
be 18/ If, then, the prize really played for has but fifteen-
tighteenths of its true value, or is in this case 15/, the value
of a single chance amounts only to one eighteenth of 15Z,
orto 16s. 84. Thus at each venture of 1/ the speculator is
cheated out of 3s. 44., or one-sixth of his stake.

This, however, is a mere trifle. In the old-fashioned
English system of lotteries, the purchaser of a 1o/ ticket
often paid more than 20/, so that he was defrauded by more
than half his stake ; and though less than half the robber’
went into the hands of the contractor who actually sold t
ticket, the rest of the robbery went to the State. In ott
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ventures, by the Geneva system, the old-fashioned English
system of robbery was far surpassed.

Instead of naming one number for a drawing (in which
five numbers are taken) the speculator may say in what posi-
tion among the five his number is to come. If he is
successful, he receives seventy times his stake. This is, in
effect, exactly the same as though but one number was
drawn. The speculator has only one chance out of ninety
instead of one chance out of five. He ought then, in strict
justice, to receive ninety times his stake, if he wins. Sup-
posing his venture 1/, the prize for success should be go/.
By reducing it to 70/ the lottery-keeper reduces the real
value of the ticket from 1/. to one-nineteenth part of 70/, or
to 155 6%d., defrauding the speculator of two-ninths of his
stake. Such a venture as this is called a determinate drawing.

The next venture allowed in the Geneva system is
called simple ambe. Two numbers are chosen. If both
these appear among the five drawn, the prize is 270 times
the stake. Now among the go numbers the player can
select two, in 8,010 different ways ; for he can first take
any one of the go numbers, and then he can take for his
second number any one of the 89 numbers left ; that is, he
may make go different first selections, each leaving hima
choice of 89 different second selections ; so that there are
go times 89 (or 8,010) possible selections in all. Butin
any set of five numbers there are, treating them in the same
way, only 20 (cr 5 times 4) different arrangements of two
numbers. So that out of 8,010 possible selections only 2o
appear in each drawing of five numbers. The speculator’s
chance then is only 20 in 8,010, or 2 in 801 ; and he ought,
if he wins, to have for prize his stake increased in the ratio
of 8or1 to 2, or 400} times. Instead of this it is increased
only 270 times, At each venture he receives in return for
his stake a chance worth less than his stake, in the same
degree that 270 is less than 4o0}, or is, in fact, defrauded
of nearly one-third the value of his stake.

The next venture is called deferminate ambe. Here the
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peculator names the order in which two selected numbers
rill appear. Instead of 2o chances at any drawing of five
mambers, he has only one chance—one chance in 8,o10.
#e ought then to receive 8,010 times his stake, if he wins.
As a matter of fact he receives only 5,100 times his stake.
From this it follows that he is defrauded of 2,910 parts
putof 8,010 of his stake, or very nearly three-eighths of the
stake’s value.
- But more speculative ventures remain. The speculator
can name three numbers. Now there are 704,880 possible
selections of three numbers out of go. (There are 8,010
, possible selections of two numbers, as already shown, and
" with each of these any one of the remaining 88 numbers
! can bé taken to make the third number ; thus we have 88
times 8,010, or 704,880 sets of three numbers inall.) These
can appear among the five drawn numbers in 6o different
" ways (5 times 4 times 3). Thus the speculator has 6o
chances out of 704,880, or one chance in 11,748, He
ought then to receive 11,748 times his stake, if he wins ;
* but in reality he receives only 5,500 times his stake in
this event. Thus the lottery-keeper robs him of more than
half of his just winnings, if successful, and of more than
balf the mathematical value of his stake at the outset. The
venture in this case is called simple terne.  Determinate terne
isnot allowed. If it were, the prize of a successful guess
should be 704,880 times the stake.
Qualerne involves the selection of four numbers. With
% numbers, 61,334,560 (704,880 times 87) different selec-
tions of four numbers can be made. Among the five drawn
lumbers there can only be found 120 arrangements of four
lumbers. Thus the speculator has only 120 chances out of
61,334,560, or one chance out of 511,038. He ought there-
fore if he wins to receive 511,038 times his stake. The prize
is only 75,000 times the stake. The lottery keeper deducts
in fact, six-sevenths of the value of the stake at each venture.
Determinate quaterne is, of course, not admitted.
Simple guaterne is, at present, the most speculative
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nmbers in a given order.’ The chance of a successful
guess, in this last case, is 1 in 5,274,772,760. Yet if
every grown person in Europe made one guess a day
venturing a penny on the guess, and receiving the just prize,
o say 4,800,000,000 times his stake, on winning, it would
\)epractxcally certain that in less than a year some one would
win 20,000,000/, for a penny! It would be equally certain
that though this were repeated dozens of times, the lottery-
keepers would gain by the arrangement, even at the rate
dove stated. Nay, the oftener they had to pay over
20,000,000/, for a penny the greater their gains would be.
As the actual prize in such a case would be 10 million
istead of merely 5,275 million times the stake, their real
gins, if they had to pay such prizes often, would be
enormous.  For, in the long run, every prize of half a
nilion pounds for a shilling stake would represent a clear
pofit of 250 million pounds. The successful ventures
would be only 1 in about 5,000 millions of unsuccessful ones,
while paid for only at the rate of 10 million stakes.
No instances are on record of a guine determiné being
Wwon, but a simple guine, the odds against which, be it re-
membered, are nearly 44 millions to 1, has been won ; and
simple guaternes, against which the odds are more than half
amillion to 1, have often been won. In July 1821 a strange
drcumstance occurred. A gambler had selected the five
lumbers 8, 13, 16, 46, and 64, and for the same draw-
ing another had selected the four numbers 8, 16, 46, and
64. The numbers actually drawn were

8 46 16 64 13

sothat both gamblers won. Their stakes were small, un-
fortunately for them and fortunately for the bank, and their
actual winnings were only 131,350 francs and 20,852 francs
Tespectively. If each had ventured 1/ only, their respec- «
tive winnings would have been 1,000,000/, and 75,000/
The coincidence was so remarkable (the antecedent prob¢
bility against two gamblers winning on a simple drawing ¢
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simple guine and a simple guaterne being about 22 billions
to 1), that one can understand a suspicion arising that a hint
had been given from some one employed at the lottery-office.
M. Menut insinuates this, and a recent occurrence at Naples
suggests at least the possibility of collusion between gamblers
and the drawers of lottery numbers. But in the case above
cited the smallness of the stakes warrants the belief that the
result was purely accidental. Certainly the gamblers would
have staked more had they known what was to be the actual
result of the drawing, The larger winner seems to have
staked two sous only, the prize being I suppose, 1,313,500
times the stake, instead of 1,000,000 as on a similar venture
in the Geneva lottery. Possibly the stake was a foreign
coin, and hence the actual value of the prize was not a round
number of francs. The smaller winner probably staked five
sous or thereabouts in foreign coin.

Simple guaternes, as we have said, occurred frequently in
France. De Morgan remarks that the enormous number of
those who gambled ¢is proved to all who have studied
chances arithmetically by the numbers of simple guaternes
which were gained : in 1822, fourteen; in 1823, six ; in 1824,
sixteen ; in 1825, nine, &c.” He does not, however, state
the arithmetical proportion involved. If we take the average
number at ten per annum, it would follow that about five
million persons per annum staked money on this special
venture—the simple gnaterne—alone. Quetelet states that
in the five years 1816-1820, the total sums hazarded on all
forms of venture in the Paris lottery amounted to 126,944,000
francs,—say 5,000,000/ The total winnings of the specu-
lators amounted to 94,750,000 francs,—say about 3,790,000/,
The total amount returned to the treasury was 32,194,000
francs, or about 1,288,000/., a clear average profit of 257,600/
per annum. Thus the treasury received rather more than a
fourth of the sum hazarded. The return to the speculators
corresponded nearly to that which would have been re-
ceived if all the ventures made had been on a determinate
single number.
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In all these methods, the greater the number of spet.u-
lators the greater the gains of those who keep the lottery.
The most fortunate thing which can happen to the lottery-
keepers is that some remarkably lucky hit should be made
by a speculator, or a series of such. For then they can
advertise the great gains made by a few lucky speculators,
saying nothing of the multitudes who have lost, with the
result that millions are tempted to become speculators.
There is this great advantage in the Geneva system : that
the total number of losers can never be known except to
the lottery-keepers. In the old-fashioned English system
the number of losers was as well known as the number of
winners and their respective gains. But the keepers of the
Paris and Geneva lotteries, as of those which have since
been established on the same system, could publish the lists
of winners without any fear that newspaper writers or
essayists would remind the general public of the actual
number of losers. The student of probabilities might
readily calculate the probable number of losers, and would
be absolutely certain that the real number could not differ
greatly from that calculated ; but he could not definitely
assert that so many had lost, or that the total losses amounted
to so much.

It occurred to the Russian Government, which has at all
times been notably ready to take advantage of scientific
discoveries, that 2 method might be devised for despoiling
the public more effectually than by the Geneva method. A
plan had been invented by those who wanted the public
money, and mathematicians were simply asked to indicate
the just price for tickets, so that the Government, by asking
twice that price, or more, might make money safely and
quickly. The plan turned out to be wholly impracticable ;
but the idea and the result of its investigation are so full of
interest and instruction that I shall venture to give a full
account of them here, noting that the reader who can catch
the true bearing of the problem involved may consider
himself quite safe from any chance of being taken in b-
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the commoner fallacies belonging to the subject of proba-
bilities.

The idea was this. Instead of the drawing of numbers,
the tossing of a coin was to decide the prize to be paid, and
there were to be no blanks. If ‘head’ was tossed at a first
trial the speculator was to receive a definite sum—2/. we
take for convenience, and also because this seems to have
been nearly the sum originally suggested in Russian money.
If ‘head’ did not appear till the second trial the speculator
was to receive 4/.; if ‘head’ did not appear till the third
trial, he received 8/.; if not till the fourth, he received 16/;
if not till the fifth, 32Z; till the sixth, 64/.; the seventh, 128/;
the eighth, 256/, and so on; the prize being doubled for
each additional tossing before ‘head ’ appeared. It will be
observed that the number of pounds in the prize is 2 raised
to the power corresponding to the number of the tossing at
which ¢head’ first appears. If it appears first, for instance,
at the tenth trial, then we raise 2 to the 1oth power, getting
1,024, and the prize is 1,024/ ; if ‘head’ appears first at the
twelfth trial, we raise 2 to the 12th power, getting 4,048, and
the prize is 4,048/

Doubtless the origin of this idea was the observed
circumstance that the more speculative ventures had a great
charm for the common mind. Despite the enormous de-
duction made from the just value of the prize, when Zernes,
gquaternes, and other such ventures were made, the public in
France, Switzerland, and Italy bought these ventures by
millions, as was shown by the fact that several times in each
year cven gualernes were won. Now in the Petersburg plan
there was a chance, however small, of enormous winnings.
Head might not appear till the .tenth, twelfth, or even the
twentieth tossing; and then the prize would be 1,024/,
4,048/., or 1,048,576/., respectively. It was felt that tens of
millions would be tempted by the chance of such enormous
gains ; and it was thought that the gains of Government
would be proportionately heavy. All that was necessary
was that the just value of a chance in this lottery should b¢
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iscertained by mathematicians, and the price properly
raised.

Mathematicians very readily solved the problem, though
pne or two of the most distinguished (D’Alembert, for in-
stance) rejected the solution as incomprehensible and
paradoxical. Let the reader who takes interest enough in
‘such matters pause for a moment here to inquire what would
.be a natural and probable value for a chance in the sug-
-gested lottery. Few, we believe, would give 10/ for a
chance. No one, we are sure—not even one who thoroughly
recognised the validity of the mathematical solution of the
_ problem—would offer 100/. Yet the just value of a chance
Is greater that 10/, greater than 100/, greater than any sum
vhich can be named. A Government, indeed, which would
ofer to sell these chances at say 50/ would most probably
fin, even if many accepted the risk and bought chances,
which would be very unlikely, however. The fewer bought
thances the greater would be the Government’schance of gain,
or rather their chance of escaping loss. But this of course
is precisely the contrary to what is required in a lottery
system. ' What is wanted is that many should be encouraged
to buy chances, and that the more chances are bought the
greater should be the security of those keeping the lottery.
In the Petersburg plan, a high and practically prohibitory
price must first be set on each chance, and even then the
lottery-keepers could only escape loss by restricting the
number of purchases. The scheme was therefore abandoned.

The result of the mathematical inquiry seems on the face
ofit absurd. It seems altogether monstrous, as De Morgan
admits, to say that an infinite amount of money should in
| Teality be given for each chance, to cover its true mathe-

Matical value. And to all intents and purposes any very

great value would far exceed the probable average value of

any possible number of ventures. If a million million -
ventures were made, first and last, 50/ per venture wou'

Probably bring in several millions of millions of pour

clear profit to the lottery-keepers ; while 30/ per vent!

Q
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would as probably involve them in correspondingly heavy
losses. 40/ per venture would probably bring them safe,
though without any great percentage of profit. If a thousand
million ventures were made, 30/ per venture would probably
make the lottery safe, while 35/ would bring great gain in
all probability, and 25/ would as probably involve serious
loss. If all the human beings who have ever lived on this
earth, during every day in their lives had been taking
chances in such a lottery, the average price of all the sums
gainéd would be quite unlikely to approach 100/ Yet still
the mathematical proposition is sound, that if the number of
speculators in the Petersburg lottery were absolutely un-
limited, no sum, however great, would fairly represent the -
price of a chance. And while that unpractical result (for the
number of speculators would not be unlimited) is true, the
practical result is easily proved, that the larger the number
of venturers the greater should be the price for each chance
—a relation which absolutely forbids the employment of this
method of keeping lotteries.

Let us see how this can be shown. De Morgan has
given a demonstration, but it is not one to be very
readily understood by those not versed in mathematical
methods of reasoning. I believe, however, that the
following proof will be found easy to understand, while at
the same time satisfactory and convincing.

Suppose that eight ventures only are made, and that
among the eight, four, or exactly half, toss head the first
time ; of the remaining four, two half-toss head at the second
trial ; of the remaining two, one tosses head at the third
trial ; while the other tosses head at the fourth trial. This
may be regarded as representing what might on the average
be expected from eight trials, though in reality it does not;
for of course, if it did, the average price per chance, inferred
from eight such trials, would be the true average for
eight million trials, or for eight million times eight million.
Still it fairly represents all that could be hoped for from a
single set of eight ventures. Now we see that the sums
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paid in prizes, in this case, would be four times 2/. for those
who tossed ‘head’ at the first trial ; twice 4/. for those who
tossed ‘head’ at the second trial ; 8/ for him who tossed
‘head’ at the third trial ; and 16/. for the last and most
fortunate of the eight ; or 40/ in all. This gives an average
of g/. for each chance.

Now suppose there are sixteen ventures, and treat this
number in the same way. We get eight who receive 2/
each ; four who receive 4/ each ; two who receive 8/. each;
one who receives 16/ ; and one who receives 32/ The
total, then, is 96/., giving an average of 6/. for each chance.

Next take thirty-two ventures. Sixteen receive 2/. each ;
eight 42 each ; four 8Z each ; two 16/, each ; one 32/. ; and one
64/. ; atotal of 224/, giving an average of 7/. for each venture.

It will be noticed that the average price per venture
has risen 1/. at each doubling of the total number of specu-
lators. Nor is it difficult to perceive that this increase will
proceed systematically. To show this we take a larger
number, 1,024, which is 2 doubled ten times, or technically
2 raised to the 1oth power. Treating this like our other
numbers, we find that 512 speculators are to receive 2/. each,
making 1,024/ in all ; thus we get as many pounds as there
are ventures for this first halving. Next, 256 receive 4/
each, or 1,024/ in all ; that is, again we get as many pounds
as there are ventures, for this second halving. Next, 128
receive 8., or 1,024/ in all; or again, we get as many
pounds as there are ventures, for this third halving. This
goes on ten times, the tenth halving giving us one speculator
who receives 1,024/, and still leaving one who has not yet
tossed ‘head.” Since each halving gives us 1,024/, we now
have ten times 1,024 The last speculator tosses ¢ head’
at the next trial and wins 2,048/, ; making a grand total of
twelve times 1,024/, or twelve times as many pounds as
there are speculators. The average, therefore, amounts to
12/, per chance ; and we see, by the way in which the result
has been obtained that in every such case the chance will
be worth 2/ more than as many pounds as there are

Q2
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halvings. Of course the number of halvings is the numbet
representing the power to which 2 is raised to give the num.
ber of speculators. The number of speculators need not
necessarily be a power of 2. We have only supposed it so
for simplicity of calculation. But the application of the
method of halving can be almost as readily made with any
number of speculators. It is only when we get down to
small numbers, as 9, 7, 5, or 3, that any difficulty arises from
fractional or half men; but the result is not materially
affected where the original number is large, by taking 4 or 3
as the next halving after either 7 or g (for example), or 2 as
the next halving after 3. But practically we need not carry
out these halvings, after we have once satisfied ourselves of
the validity of the general rule. Thus suppose we require
to ascertain a fair value for a million chances. We find that
the nearest power of 2 to the number one million is the 2oth :
22/., then, is a fair value.

But of course, the whole train of our reasoning proves
that while probably 22/, would be a fair value for a million
ventures, it could not be the mathematically just value.
For who is to assure the lottery-keeper that after the million
ventures, another million will not be taken? Now for two
million ventures the probable value according to our method
would be 23/, since two millions is nearly equal to 2 raised
to the 21st power. There might be a million million ven-
tures ; and if 22/. were really the true price for one million,
it would be the true price for each of the million ventures.
But since a million million are roughly equal to 2 raised
to the 4oth power, the price according to our method would
be about 42/ per chance.

All that can be said is that among any definite number
of trials it is not antecedently probable that there will be
any of those very long runs of ‘trials’ which are practically
certain to occur when many times that number of trials
(whatever it may be) are made.

The experiment has been actually tried, though it was
not necessary to establish the principle. So far as the rela-
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and Buffon’s result is quite as near as could be expected in
a single experiment on 2,048 trjals.

But when we take the four experiments collectively,
getting in this way the results of 8,192 trials (which De
Morgan, strangely enough, does not seem to have thought
of), we find the average value of each chance greatly
increased, as theory requires, and, as it happens, increased
even beyond the value which theory assigns as probable for
this number of trials. Among them there was only one in
which head appeared after tail had been tossed 11 times,
whereas we might expect that there would be four such
cases ; but there was one case in which head only appeared
after tail had been tossed 13 times, and there were two cases
in which head only appeared after tail had been tossed 15
times. Of course this was purely accidental. We may
always be tolerably sure that in a large number of tossings,
about one half will be head and about one haif tail. But
when only a few tossings are to be made, this proportion
can no longer be looked for with the same high degree of
probability. When, again, only four or five chances are
left, we may find these all dropping off at once, on the one
hand, or one or two of them may run on with five or six
more successful tossings ; and as at each tossing the prize,
already amounting for the last trial to as many pounds as
there were originally chances, is doubled, we may find the
average price of each chance increased by 14, 24, 4/, 8/,
16/., or more, by the continued success of the longest lasting
trial, or perhaps of two or three lasting equally long. This
happened in the 8,192 trials whose results are recorded
by De Morgan. I find that the total amount which would
have been due in prizes, according to the Petersburg plan,
would have been 150,830/, an average of 18/ 8s. 234, (almost
exactly) per trial ; whereas the theoretical average for 8,192
trials would be only 15/

It is manifest that, though in a million trials by this
method some such sum as 3o/ per trial would probably
cover all the prizes gained, it would be unsafe to put any
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definite price on each venture, where the number of ven-
turers would of necessity be unlimited. And since even a
price which would barely cover the probable expenses would
be far more than speculators would care to give, the plan is
utterly unsuited for a public lottery. It may be well to note
how large a proportion of the speculators would lose by their
venture, even in a case where the total ventured was just
covered by the prizes. Suppose there were rather more
than a million speculators (more exactly, that the numbers
were the 2oth power of 2, or 1,048,576), and that the
average result followed, the price per venture being 22/
Then 524,288 persons would receive only 2/ and lose 20/
each ; 262,144 would receive only 4/, and lose 18/ each;
131,072 would receive 8/ and lose 14/. each ; 65,536 would
receive 16/, and lose 6 each. All the rest would gain ;
32,768 would receive 32/. and gain 10/. each ; 16,384 would
receive 64/. and gain 42/. each; and so on; 8,192 would
receive 128/, each ; 4,096 would receive 256/ each ; 2,048
each 512/ ; 1,024 each 1,024/ ; 512 each 2,048/ ; 256
each 4,096/, ; 138 each 8,192/ ; 64 each 16,384/ ; 32 each
32,708 ; 16 each 65,536/ ; 8 each 131,072/ ; 4 cach
262,144/, ; 2 each 524,288/ ; 1 would receive 1,048,572/ ;
and lastly, one would receive 2,097,952/ But there would
be only 65,536 out of 1,048,576 speculators who would gain,
oronly 1 in 16.

It is singular that whereas it would be almost impossible
to persuade even one person to venture 22/. in such a lottery
3 we have described, almost any number of persons could
be persuaded to join again and again in a lottery where the
Prizes and blanks were arranged as in the way described in
the preceding paragraph as the average outcome of 1,048,576
ventures, In other words, no one puts so much faith in his
luck as to venture a sum on the chance of gaining a little
if he tosses ¢ tail’ four times running (losing if ‘head’ ap-
pears sooner), and of gaining more and more the oftener
‘tail’ is tossed, until, should he' toss tail 2o times running,
he will receive more than two million pounds. But almost
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mathematical price of each are different. If the number of
trials were 2 raised to an infinitely high power, the probable
average value of each trial would be the infinitely high
number representing that power. But 2z raised to that
power would give an infinitely higher number. To take
very large numbers instead of infinite numbers, which
simply elude us :—Suppose the number of trials could be
2 raised to the millionth power ; then the probable average
value of each would be 1,000,002/, which is a large number
of pounds; but the number is a mere nothing compared
with the number of trials, a number containing 301,031 digits
If the smallest atom, according to the estimate made by
physicists, were divided into a million millions of parts, the
entire volume of a sphere exceeding a million million times
in radius the distance of the remotest star brought into view
by Lord Rosse’s mighty telescope, would not contain a
million millionth of that number of these indefinitely minute
suhdivisions of the atom. Nay, we might write trillions or
quadrillions where we have just written millions in the pre-
ceding lines, and yet not have a number reaching a quad-
rillionth part of the way to the inconceivable number
obtained by raising 2 to the millionth power. Yet for this
tremendous number of trials the average mathematical value
of each would amount but to a poor million—absolutely
nothing by comparison.
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BETTING ON RACES.

Aout ten years ago, in an article called ¢ The State of the
Odds,’ subsequently reprinted in the first series of my ¢ Light
Scicnce for Leisure Hours,’ I described the meaning of
those mysterious columns in the daily papers which indicate
the opinion of the betting world as to the probable results
of horse races and other contests, I do not propose to g0
over the same ground at present, though, in order to leave
no occasion to refer my readers to that essay, I shall ex
plain, as occasion requires, such technical expressions a5
might otherwise cause perplexity. My present object is t0
consider betting in a scientific yet common-sense aspect,
pointing out in particular the fraudulent nature of many
transactions which are regarded by many as altogether per-
missible. I do not wish it to be understood that I consider
any sort of betting or gambling unobjectionable. Indeed,
I shall take occasion to indicate not merely the objections
which exist against gambling on the score of the injury t0
the gambler, but the objection which has been justly de
scribed by Herbert Spencer as the fundamental reason fo!
condemning the practice. There is, however, a marke
distinction between fair and unfair betting, and I propos
specially to consider here unfair or other fraudulent betting
"The subject includes, indeed, nearly all the betting transac
tions in the so-called sporting world ; though many person
of fair and honourable dispositions take part in such tran
actions without apparently noticing the fundamentall
fraudulent nature of many of their proceedings,
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It is well to have some convenient standard of reference,
1ot only as respects the fairness or unfairness of betting
transactions, but as to the true nature of the chances in-
volved or supposed to be involved. Many men bet on
horse races without any clear idea of the chances they are
really running. To see that this is so, it is only necessary
to notice the preposterous way in which many bettors
combine their bets. Leech’s sketch, called, I think, ¢Signs
of the Commission,’ by no means exaggerated the fatuity
of inexperienced bettors, that is, of about nine out of ten
among all who offer and accept wagers. ¢The odds are
2 to 1 against So-and-So,’ says one, ‘and 4 to 1 against
such another ; what’s the betting about the pair?’ ¢Don’t
know, I'm suah,’ says the other ; ¢ but I'll give you 6 to 1.’
Ido not say that many, even among the idiots who wager
on horses they know nothing about, would lay heavier odds
against the winning of a race by one of two horses than he
vould lay against the chance of either horse separately ;
but it is quite certain that not one bettor in a hundred
knows either how to combine the odds against two, three or
more horses, so as to get the odds about the lot, or how to
alculate the chance of double, triple, or multiple events.
Yet these are the very first principles of betting ; and a
man who bets without knowing anything about such
matters runs as good a chance of ultimate success, as a
man who, without knowing the country, should take a
Straight line in the hunting field.

Now, apart from what may be called roguery in horse-
Tcing, every bet in a race may be brought into direct com-
parison with the simple and easily understood chance of
Success in a lottery where there is a single prize, and there-
fore only one prize ticket : and the chance of the winner of
arace, where several horses run, being one particular horse,
or one of any two, three, or more horses, can always be
compared with the easily understood chance of drawing a
ball of one colour out of a vase containing so many balls of
that colour and so many of another. So also can the chanc®
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chances is clearly three times as good as the chance of
drawing, at a single trial, one particular ticket out of ten.

It will be found that we can now test any wager, not
merely determining whether it is fair or unfair, but the ex-
tent to which it is so, if only the actual chance of the horse
or horses concerned is supposed to be known. Unfortu-
nately, in the great majority of cases bets are unfair in
another way than that which we are for the moment con.
sidering, the odds not only differing from those fairly re-
presenting the chances of the horse or horses concerned,
but one party to the wager having better knowledge than
the other what those chances are. Cases of this kind will
be considered further on.

Suppose that the just odds against a horse in a race are g9
to 1. By this I mean that so far as the two bettors are con-
cemed, (that is, from all that they know about the chances of
the horse,) it is nine times more likely that the horse will not
win the race than that he will. Now, it is nine times more

| likely that a particular ticket among ten will not be drawn at
asingle trial than that it will. So the chance of this horse
is correctly represented by the chance of the prize ticket
being drawn in a lottery where there are ten tickets in all.
If two persons arrange such a lottery, and A pays in 1/ to
the pool, while the other, B, pays in 9/, making 10/ in all,
A gets a fair return for his money in a single drawing, one
ticket out of the ten being marked for the prize. A repre-
sents, then, the backer of the horse who risks 1Z; B the
layer of the odds who risks 9Z. The sum of the stakes is
the prize, or 10/, If A risks less than 1/., while B risks ¢/,
the total prize is diminished ; or if, while A risks 17, B risks
less than gZ, the total is diminished. In either case the
wrong done.to the other bettor amounts precisely to the
amount by which the total is diminished. If, for instance,
A only wagered 18s. against B’s 9/, the case is exactly the
same as though A and B having severally contributed 1/.
and ¢/, to a pool, one ticket out of ten having been marked,
A to have one chance only of drawing it (which we have
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ame, is more convenient. Bettors do not take a certain
am of money for the total of their stakes, and agree how
nuch each shall stake towards that sum ; but they bet a cer-
tain sum against some other sum. It is easy to take either of
these to find out how much oug4? to be staked against it,
and thus to ascertain to what extent the proper total of the
stakes has been affected either in excess or defect. And we
can get rid of any difficulty arising from the fact that ac-
cording to the side we begin from we get either an excess or
a defect, by beginning always from the side of the one who
wagers not less than he should do, at the proper odds, what-
ever they may be.

As a general rule, indeed, the matter is a good deal
simplified by the circumstance that fraudulent bettors nearly
always lay the odds. It is easy to see why. In fact, one of
the illustrative cases above considered has already probably
suggested the reason to the reader. I showed that when
the odds are g to 1 and only 7 to 1 is laid, in pounds, the
fraud is the same as removing 2/ from a pool of 10/ ; where-
aswith the same odds, backing the horse by 18s. instead of
1, corresponded to removing two shillings from such a pool.
Now, if a fraudulent gambler had a ready hand in abstracting
coins from a pool, and were playing with some one who did
not count the money handed over to him when he won, it
would clearly be the same thing to him whether he con-
tributed the larger or smaller sum to the pool, for he would
abstract as many coins as he could, and it would be so much
dear gain.  But if he could not get at the pool, and there-
fore could only cheat by omitting to contribute his fair share,
it would manifestly be far better for him to be the buyer of
the larger share of the chances. If he bought nine tickets
out of ten, he might put in 7/ pretending to put in 9/, and
Pocket 2/.; whereas if he only bought one ticket, he could
only defraud his companion by a few shillings out of the
price of that ticket. Now, this is the hardship under which
the fraudulent bettor labours. He cannot, at least he cannot

N
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imagine’ Is it to be wondered at that the public finds its
tastes in this respect humoured by the bookmakers, when
we remember that it is from just such wagers as the public
like to make that the bookmaker can most readily obtain
the largest slice of profit ?

But we must not fall into the mistake of supposing that
all the foolish folk who back horses at long odds necessarily
lose. On the contrary, many of them win money—unfortu-
nately for others, and often for themselves. It would be a
very foolish thing to pay 1/. for one of ten tickets in a lottery
where the single prize was only worth g/. Yet some one of
the foolish fellows who did this must win the prize, gaining
8/, by the venture. If many others were encouraged to
Tepeat such a venture, or if he repeated it himself (inferring
from his success that he was born under a lucky star), they
and he would have reason to repent. He might, indeed,
be lucky yet again ; and perhaps more than once. But
the more he won in that way, the more he would trust in
his good luck ; and in the long run he would be sure to
lose, if all his ventures were of the same foolish kind as the
first.

We see, however, that the foolish bettor in any given
case is by no ‘means certain to lose. Nor is the crafty
bettor who takes advantage of him at all sure to win. A
man might steal 2Z. or 3/. from the pool, after making up g/.
out of the 10/, in the case I have imagined, and yet lose,
because his opponent might be fortunate enough to draw
the single marked ticket, and so win the 7Z or 8/ left in the
pool.

In reality, however, though quite possibly some among
the foolish bettors not only win money but even keep
what they win, refraining from trying their luck afresh, it
must not be supposed that the fraudulent bettor exposes
himself to the risk of loss in the long run. He plays a safe
game. Every one of his bets is a partial swindle ; yet in
each he runs the risk of loss. His entire series of bets is a

complete swindle, in which he runs no risk whatever of loss,
R2
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ocketing a balance of 100/. If B wins, he pays 8oo/. to X
nd receives gool. from Y, pocketing equally 100/,

Take now a case in which there are five horses,
A\,B,C, D, and E ; and let the just odds about these five
horses be— '

2 to I against A
3 to 1 against B
5 to 1 against C
5 to 1 against D
11 to I against E

(the odds against E are determined from the odds against
the other four, in the manner explained in my article above
referred to on the ¢ State of the Odds’; it will readily be
found that A’s chance, B’s chance, and the chance of either
C or D, are the same as that of drawing one of 4 balls, one
of 3 balls, and one of 2 balls out of a bag containing 12
inall; and adding 4, 3, 2, and 2, we get 11 ; whence the
chance of E is equal to that of drawing one ball out of a
bag of twelve, or the odds are 11 to 1 against E.)

Now assign for the sum which at these odds should be
wagered over each horse, that is, the total stakes in each
ase 12,000/, Then our bookmaker, laying the odds against
allfive horses, ought to lay 8,000/. to 4,000/, against A, 9,000/
t0 3,000/, against B, 10,000/ to 2,000/, against each of the
tvo C and D, and lastly 11,000/ to 1,000/ against E,
Each wager would be perfectly fair, and owing to the special
manner in which the sums are arranged (the sum of the
stakes on each horse being the same), not only is each wager
fair, but whichever horse might win, the bookmaker would
be neither a penny the better nor a penny the worse for his
Wagering—a result which would by no means suit his book
(observe how betting phraseology has become a part of our
language, just as betting rascality threatens to affect the cha-
Tacter of our nation). All that the bookmaker then has todo
isto find a number of foolish folk and to wager with them
(collectively or severally, it matters not which) something
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for in such a case there is knowledge on one side which is
not only wanting on the other side, but of the possession of
which the other side have no suspicion. No one would
hesitate to call that swindling. Now tuke the case of one
who knows that, as the result of a certain trial, a horse
which is the favourite-in a great race will take part in it, in-
deed, but will only do so to make running for a better horse.
Until the time when the owner of the horses declares to
win with the latter, such knowledge enables its possessor to
accept safely all wagers in favour of the horse ; and he
knows perfectly well, of course, that not one such wager is
offered him except by persons ignorant of the true state of
the case. Even if such offers are made by bookmakers,
whose profession is swindling, and though we may not have
a particle of sympathy with such men when they lose in this
way, the acceptance of such wagers is in no sense justified.
Two wrongs do not, in this case more than in any other,
make a right.

I have said that in every depth there is a deeper still.
In the subject I am dealing with there is a deepest depth of
all. T will not, however, sully these pages with the considera-
tion of the foulest of the rascalities to which horse-racing
hasled. Simply to show those who bet on horse races how
many risks of loss they expose themselves to, I mention that
some owners of horses have been known to bring about the
defeat of their own horse, on which the foolish betting
public had wagered large sums, portions of which find
their way into the pockets of the dishonest owners afore-
mentioned. I may add that, according to an old proverb,
there are more ways of killing a cat than by choking it with
cream. A horse may be most effectually prevented from
winning without any such vulgar devices as pulling, roping,
and so forth. So also a horse, whose owner is honest, may
be ¢ got at’ after other fashions than have been noted yet,
either in the police courts or in sporting novels.

Let us turn, however, from these unsavoury details, and
consider briefly the objections which exist against gambling,
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changes something which is of less use to him for something
which is of more use. This is equally the case whether
there is a direct exchange of objects of value, or one of the
parties to the exchange gives the other the benefit of his
labour or of his skill acquired by labour. But in gambling,
as where one man robs another, the case is otherwise. One
person has lost what he can perhaps ill spare, while the
other has obtained what he has, strictly speaking, no right
to, and what is almost certainly of less value to him than to
the person who has lost it. Or, as Herbert Spencer con-
cisely presents the case :—* Benefit received does not imply
effort put forth, and the happiness of the winner involves
the misery of the loser : this kind of action is therefore
essentially anti-social ; it sears the sympathies, cultivates a
hard egoism, and so produces a general deterioration of
character and conduct.’
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A GAMBLING SUPERSTITION.

THERE are few more mistaken, yet few more persistent
superstitions, than the belief in systems by which, so to
speak, chance may be cheated, and success made a certainty,
in gambling. In an article which I wrote some years since
for the Cornkhill Magazine, on the subject of Gambling
Superstitions, I described one system, which its inventor
supposed to be a certain way to fortune. It so chanced
that on its first trial it succeeded well ; and he was so per-
suaded that this was only the beginning of a long series of
successes, that he forthwith opened a new banking account,
which he proposed to increase daily by the proceeds of his
system. But he very soon found that the system was
utterly untrustworthy ; his daily banking operations con-
sisted in drawing money to meet losses, not in paying fresh
sums to his credit. For particulars I refer the reader to the
article above mentioned, which has since been republished
in my ¢ Borderland of Science.” Here I propose to describe
another system, which has been far more generally adopted,
and seems at first exceedingly plausible. But perhaps a
few words on the other system, and a comparison between .
the two, will serve to strengthen the lesson which I wish now
to convey—this, namely, that there is absolutely no method,
and that there can be none, by which gambling may be
made safe, except the one sure plan of swindling (with many
modifications of method) by which proprietors of gambling
s houses were formerly allowed in this country, and are still
xn\



A GAMBLING SUPERSTITION. 258

allowed elsewhere, to bring thousands to ruin. The general
lesson against gambling, not on account of its innate im-
morality, but on the lower ground of its folly, is quite as
much needed here now, when gambling houses are for-
bidden, as in the old times when Crockford’s doors were
open to the fools of quality, and hundreds of less splendid,
but not less mischievous *hells,” for fools of the middle and
lower classes.

The plan I before described was based on the belief that
after a series of events of one kind, in games of pure chance,
aseries of the opposite kind, or at any rate a change, may
beexpected. The inventor of the system would wait until,
in rouge-et-noir, for example, there had been a run of six or
seven on one colour, and would then begin to back ihe
other colour. He supposed the chances were then more in
his favour than if he had simply played on black or red at
random. He took a very souhd principle of probabilities
as the supposed basis of his system, though in reality he
entirely mistook the nature of the principle. That principle
is, that where the chances for one or another of two results
are equal for each trial, and many trials are made, the
number of events of one kind will bear to those of the other
kind a very nearly equal ratio : the greater the number of
events, the more nearly will the ratio tend to equality. This
is perfectly true ; and nothing could be safer than to wager
on this principle. Let a man toss a coin for an hour, and I
would wager confidently that neither will ‘heads’ exceed
‘tails,” or ‘tails’ exceed ‘heads’ in a greater ratio than that
of 21 to 20. Let him toss for a day, and I would wager as
confidently that the inequality will not be greater than that
represented by the ratio of rorx to 100. Let the tossing be
repeated day after day for a year, and I would wager my
life that the disproportion will be less than that represented

by the ratio of 1,001 to 1,000. Yet so little does this prin-
ciple bear the interpretation placed upon it by the inventor
of the system above described, that if on any occasion
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pure chance cannot in the slightest degree affect the resul
of sequent trials.

To suppose otherwise is, indeed, utterly to ignore the
relation between cause and event. When anyone asserts
that because such and such things have happened, therefore
such and such other events will happen, he ought at least to
be able to show that the past events have some direct influ-
ence on those which are thus said to be affected by them.
But if I am going to toss a coin perfectly at random, in
what possible way can the result of the experiment be
affected by the circumstance that during ten or twelve
minutes before I tossed ¢ head’ only or “tail’ only ?

The system of which I now propose to speak is more
plausible, less readily put to the full test, and consequently
far more dangerous than the one just described. Init, asin
the other, reliance is placed on a ¢ change’ after a ‘run’ of
any kind, but not in the same way.

Everyone is familiar with the method of renewing wagers
on the terms ¢ double’ or ¢ quits.’” It is a very convenient
way of getting rid of money which has been won on a wager
by one who does not care for wagering, and, not being to
the manner born, does not feel comfortable in pocketing
money won in this way. You have rashly backed some
favourite oarsman, let us say, or your college boat, or the
like, for a level sovereign, not caring to win, but accepting a
challenge to so wager rather than seem to want faith in your
friend, college, or university. You thus find yourself sud.
denly the recipient of a coin to which you feel you arc
about as much entitled as though you had abstracted it from
the other bettor’s pocket. You offer him ¢ double or quits,’
tossing the coin. Perhaps he loses, when you would be en-
titled to two sovereigns. You repeat the offer, and if he
again loses (when you are entitled to four sovereigns), you
again repeat it, until at last he wins the toss. Then you
are ¢ quits,” and can be happy again.

The system of winning money corresponds to this safe
system of getting rid of money which has been uncom-

s
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fortably won. Observe that if you only go on long enough
with the double-or-quits method, as above, you are sure to
get rid of your sovereign; for your friend cannot go on
losing for ever. He might, indeed, lose nine or ten times
running, when he would owe you 512/ or 1,024/ ; andif he
then lost heart, while yet he regarded his loss, like his first
wager, as a debt of honour from which you could not release
him, matters would be rather awkward. If he lost twenty
times, he would owe you a million, which would be more
awkward still ; except that, having gone so far, he could not
make matters worse by going a little farther ; and in a few
more tossings you would get rid of your millions as com-
pletely as of the sovereign first won.  Still, speaking gener-
ally, this double-or-quits method is a sure and easy way of
clearing such scores. But it may be reversed, and become
a pretty sure and easy way of making money.

Suppose aman, whom we will call A, to wager with another,
B, one sovereign on a tossing (say). If he wins, he gainsa
sovereign. Suppose, however, he loses his sovereign. Then
let him make a new wager of two sovereigns. If he wins,
he is the gainer of one sovereign in all : if he loses, he has
lost three in all. In the latter case let him make a new
wager, of four sovereigns. If he wins, he gains one sove-
reign ; if he loses, he has lost seven in all. In thislast case
let him wager eight sovereigps. Then, if he wins, he has
gained one sovereign, and if he loses he has lost fifteen.
Wagering sixteen sovereigns in the latter case, he gains one
in all if he wins, and has lost 31 in allif heloses. So he goes
on (supposing him to lose each time) doubling his wager
continually, until at last he wins. Then he has gained one
sovereign. He can now repeat the process, gaining each
time a sovereign whenever he wins a tossing. And mani-
festly in this way A can most surely and safely win every
sovereign B has. Yet every wager has been a perfectly fair
one. We seem, then, to see our way to a safe way of making
any quantity of money. B, of course, would not allow this
sort of wagering to go on very long. But the bankers of a gam-
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blingestablishment undertake to accept any wagers which may
be offered, on the system of their game, whether rouge-et-nosr,
roulette, or what not, between certain limits of value in the
stakes. Say these limits are from five shillings to 100/, as I
am told is not uncommonly the case. A man may wager
five shillings on this plan, and double eight times before his
doublings carry the stake above 100/ Or with more advan-
tage he may let the successive stakes be such that the eighth
doubling will make the maximum sum, or 100/ ; so that the
stakes in inverse order will be 100/, 50/, 25/, 12/. 10s., 6/,
55, 3 25. 6d., 1l 115 3d., 155. 7d. (fractions of a penny

not being allowed, I suppose!), and, lastly, 7s 9d.; nine

stakes, or eight doublings in all. It is so utterly unlikely,

says the believer in this system, that where the chances are

Practically equal on two events, the same event will be re-

peated nine times running, that I may safely apply this me-

thod, gaining at each venture (‘ though really there is no risk

atall’) 75, 9., until at last I shall accumulate in this way a

small fortune, which in time will become a large fortune.

The proprietors of gambling houses naturally encourage

this pleasing delusion. They call this power of varying the

stakes a very important advantage possessed by the player at

such tables. They say, truly enough, a single player would

not wager if the stakes could be varied in this manner (he
possessing no power of refusing any offer between such
limits). And since a single player would refuse to allow
this arrangement, it is manifest the arrangement is a
privilege. Being a privilege, it is worth paying for. It is
on this account that we poor ‘bankers,’ who oblige those
possessed of gambling perpensities by allowing them to
exercise their tastes that way, must have a certain small
percentage of odds in our favour. Thus at rouge-et-noir we
really must have one of the ‘refaits’ allowed us, say the
first, the #rente-et-un, though any other would suit us equally

! Possibly pence are not allowed, in which case the successive
stakes would be 7s., 14s., 1/, 8s., 2/. 16s., 54 12s., 11[. 45, 22/ 85w
44J. 165., and lastly, 89/, 12s.

s2
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But first—or rather, as a part of this inquiry-—let us

consider why our imaginary player B would decline to
allow A to double wagers in the manner described. In
reality, of course, A’s power of doubling is limited by the
amount of A’s money, or of his available money for
gambling. He cannot go on doubling the stakes when he
has paid away more than half his money. Suppose, for
instance, he has 1,000/. in notes and 30/. or so in sovereigns.
He can wager successively (if he loses so often) 1/, 2/, 4/,
8/., 16/, 32/., 64/, 128L, 256/, 512/, or ten times. But if
he loses his last wager he will have paid away 1,023/, and
must stop for the time, leaving B the gainer of that sum.
This is a very unlikely result for a single trial. It would not
be likely to happen in a hundred or in two hundred trials,
thought it might happen at the first trial, or at a very early
one. Even if it happened after five hundred trials, A would
only have won g5oo/. in those, and B winning 1,023l at the
last, would have much the better of the encounter.

Why, then, would not B be willing to wager on these
terms ? For precisely the same reason (if he actually reasoned
the matter out) that he would be unwilling to pay 1/. for one
ticket out of 1,024 where the price was 1,024/. Each ticket
would be fairly worth that sum. And many foolish persons,
as we know, are willing to pay in that way for a ticket in a
lottery, even paying more than the correct value. But no
one of any sense would throw away a sovereign for the
chance (even truly valued at a sovereign) of winning a thou-
sand pounds. That, really, is what B declines to do. Every
venture he makes with A (supposing A to have about 1,000/,
at starting, and so to be able to keep on doubling up to
§12/.) is a wager on just such terms. B wins nothing unless
he wins 1,024/ ; he loses at each failure 1/ His chance of
winning, too, is the same, at each venture, as that of draw-
ing a single marked ticket from a bag containing 1,024
tickets. Each venture, though it may be decided at the first
or second tossing, is a venture of ten tossings. Now, with
ten tossings there are 1,024 possible results, any one ¢’
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of winning 1,224/, ta55gk, in reallly, he does not pay the
pound un:il e venre is deciied zgainst him ; so that, if
he wins, he receives 1,523/, correspoading (with the 1/) to
the total just named.

Now, to wager a pound in this way, for the chance of
winning 1,024/, would be very foolish ; and though con-
tinually repeating the experiment would in the long run
make the number of successes bear the right proportion t0
the number of failures, yet B might be ruined long before
this happened, though quite as probably A would be ruined.
$'s ruin, if effected, would be brought about by steadily
continued small losses, A’s by a casual but overwhelming
loss. The richer B and A were, the longer it would be
before one or other was ruined, though the eventual ruin
of onc or other would be certain. If one was much richer
than the other, his chance of escaping ruin would be
so much the greater, and so much greater, therefore, the
risk of the poorer. In other words, the odds would be
great in favour of the richer of the two, whether A o
I3, absorbing the whole property of the other, if wagering
on this plan were continued steadily for a long time.

Now, if we extend such considerations as these to the
case in which an individual player contends against a bank,
we shall sce that, even without any percentage on the
chances, the odds would be largely in favour of the bank.
If the player is persistent in applying his system, he is
practically certain to be ruined.  For it is to be noticed that
in such a system the player is exposed to that which he can
least atord, namely, sudden and great loss ; it is by such
losses that his ruin will be brought about if at all. On the
other hand. the bank, which can best afford such losses, has
tvmeet only & steady slow drain upon its resources, until
the inevitable awps come which restore all that had been
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thus drained out, and more along with it. If the player
were even to carry on his system in the manner which my
reasoning has really implied ; if, as he made his small gain
ateach venture, he set it by to form a reserve fund—even
then his ruin would be inevitable in the long run. But
every one knows that gamblers do nothing of the sort.
‘Lightly come, lightly go,’ is their rule, so far as their gains
are concerned.  [In another sense, their rule is, lightly come
(to the gaming table) and heavily go when the last pound
has been staked and lost.] Thus they run a risk which, in
their way of playing, amotints almost to a certainty of ruin-
ing themselves, and they do not even take the precaution
which would alone give them their one small, almost evan-
escent, chance of escape. On the other hand, the bankers,
who are really playing an almost perfectly safe game, leave
nothing to chance. The bulk of the money gained by them
is reserved to maintain the balance necessary for safety.
Only the actual profits of their system—the percentage of
gain due to their percentage on the chances—is dealt with
aincome ; that is, as money to be spent.

It is true that in one sense the case between the bankers
and the public resembles that of a player with a small capital
against a player with a large capital. The bankers have
indeed a large capital, but it is small compared with that
of the public at large who frequent the gaming tables.
But, in the first place, this does not at all help any single
player. It is all but certain that the public (meaning
always the special gaming public) will not be ruined as a
whole, just as it is all but certain that the whole of an army
engaged in a campaign, even under the most unfavourable
circumstances, will not be destroyed if recruits are always
available at short notice. Now, if the circumstances of a
campaign are such that each individual soldier runs exceed-
ing risk of being killed, it will not improve the chances of
any single soldier that the army as a whole will not be
destroyed ; and in like manner those who gamble persistently
are not helped in their ruin by the circumstance that, as one
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in character from those which his system normally involves.
In other words, the chances against him are increased ; and,
on the other hand, the bankers’ chance of ruin would be small,
even if they had no advantage in the odds, simply because
the sum staked bears a much smaller proportion to their capital
than the wagers of the individual player bear to his property.

Yet the reader must not fall into the mistake of supposing
that because the individual player would have enormous
risks against him, even if the bankers took no percentage on
the chances, the bank would then in the long run make
enormous gains. That would be a paradoxical result, though
at first sight it seems equally paradoxical to say that, while
every single player would be almost certain to be ruined, the
bank would not gain in the long run. This, however, is
perfectly true. The fact is, that, among the few who escaped
ruin, some would be enormous gainers. It would be be-
cause of some marvellous runs of luck, and consequent
enormous gains, that they would be saved from ruin; and
the chances would be that some among these would be very
heavy gainers. They would be few; and the action of a
man who gambled heavily on the chance of being one of
these few, would be like that of a man who bought half-a-
dozen tickets, at a price of 1,000/ each (his whole property
being thus expended), among millions of tickets in a lottery,
in which were a few prizes of 1,000,000/, each. But though
the smallness of the chance of being one among the few
very great gainers at the gambling table, makes it absurd fora
man to run the enormous risk of ruin involved in persistent
play, yet, so far as the bankers would be concerned, the
great losses on the few winners would in the long run
equalise the moderate gains on the great majority of their
customers. They would neither gain nor lose a sum bearing
any considerable proportion to their ventures, and would
run some risk, though only a small one, of being swamped
by a long-continued run of bad luck.

But the bankers do not in this way leave matters to
chance. They take a percentage on the chances. The per-
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centage they take is often not very large in itself, though it
is nearly always larger than it appears, even when regarded
properly as a percentage on the chances. But what is
usually overlooked by those who deal with this matter, and
especially by those who, being gamblers themselves, zan# to
think that gaming houses give them very fair chances, is that
a very small percentage on the chances may mean, and
necessarily does mean, an enormous percentage of profits.
Let us take, as illustrating both the seeming smallness of
the percentage on the chances, and the enormous probable
percentage of profits, the game of rouge-et-noir, so far as it
can be understood from the accounts given in the books.!
I follow De Morgan’s rendering of these confused and im-

! De Morgan remarks on the incomplete and unintelligible way in
which this game is described in the later editions of Hoyle. It is sin-
gular how seldom a complete and clear account of any game can be
found in books, though written by the best card-players. I have never
yet seen a description of cribbage, for example, from which anyone who
knew nothing of the game, and could find no one to explain it practi-
cally to him, could form a correct idea of its nature. In half-a-dozen
lines from the beginning of a description, technical terms are used
which have not been explained, remarks are made which imply a know-
ledge on the reader’s part of the general object of the game of which
he should be supposed to know nothing, and many matters absolutely
essential to a right apprehension of the nature of the game are not
touched on from beginning to end, or are so insufficiently described
that they might as well have been left altogether unnoticed. It is the
same with verbal descriptions. Not one person in a hundred can ex-
plain a game of cards respectably, and not one in a thousand can
explain a game well. A beginner can pick up a game after awhile, by
combining with the imperfect explanations given him the practical
illustrations which the cards themselves afford. But there is no reason
in the nature of things why a written or a verbal description of such a
game as whist or cribbage should not suffice to make an attentive
reader or hearer perfectly understand the nature of the game. From
what T have noticed in this matter, I would assert with some confidence
that anyone who can explain clearly, yet succinctly, a game at cards,
must have the explanatory gift so exceptionally developed that he could
most usefully employ it in the explanation of such scientific subjects as
he might himself be able to master. I believe, too, that the student of
science who desires to explain his subject to the general public, can
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perfect accounts. It seems to be correct, for his computa-
tion of the odds for and against the player leads to the
same result as Poisson obtained, who knew the game, though
he nowhere gives a description of it.

A number of packs is taken (six, Hoyle says), ‘and
the cards are well mixed. Each common card counts
for the number of spots on it, and the court cards
are each reckoned as ten. A table is divided into two com-
pariments, one called rouge, the other noir, and a player
stakes his money in which he pleases. The proprietor of
the bank, who risks against all comers, then lays down cards
in one compartment until the number of spots exceeds
thirty ; as soon as this has happened, he proceeds in the
same way with the other compartment.” The number of
spots in each comipartment is thus necessarily between 31
and 40, both inclusive. The compartment in which the
total number of spots is least is the winning one. Thus, if
there are 35 card spots on the cards in the 7ouge, and 32 on
the cards in the nos7, noir wins, and all players who staked
upon n0¢r receive from the bank sums equal to their stakes.
The process is then repeated. So far, it will be observed,
the chances are equal for the players and for the bankers.
It will also be observed that the arrangement is one which
strongly favours the idea (always encouraged by the pro-
prietors of gaming houses) that the bankers have little in-
terest in the result. For the bank does not back either
colour, The players have all the backing to themselves.
If they choose to stake more in all on the red than on the
black, it becomes the bank’s interest that black should win ;
but it was by the players’ own acts that black became for
the time the bank’s colour. And not only does this suggest
to the players the incorrect idea that the bank has little real
interest in the game, but it encourages the correct idea, which
it is the manifest interest of the bankers to put very clearly
find no better exercise, and few Dletter tests, than the explanation of !
some simple game—the explanation to be sufficient for persons know*
ing nothing of the game.
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has won. But in the mean time new stakes may be put
down, before the fate of the impounded stakes has been
decided.

Thus, whereas, with regard to games decided at the first
trial, the bank has in the long run no interest one way or
the other, the bank has an exceptional interest in r¢fasts. A
refail trente-et-un at once gives the bank a certainty of
winning the least sum staked in the two compartments,
and an equal chance of winning the larger sum instead.
Any refait gives the bank the chance that on a new trial a
refait trenfe-el-un may be made ; and though this chance
(that is, the chance that there will first be a common refas?
trente-et-un and then a refas?) is small, it tellsin the long run
and must be added to the advantage obtained from the
chance of a refait trente-et-un at once.

Now it may seem as though the bank would gain very
little from so small an advantage. A 7¢fasz may occur
tolerably often in any long series of trials, but a refast trente-
¢t-un only at long intervals. Itis only one out of ten dif-
ferent refaits, which to the uninitiated seem all equally
likely to occur ; so that he supposes the chance of a refast
trente-el-un to be only one-tenth of the chance itself small
at each trial, that there will be a re¢fasf of some sort. But,
to begin with, this supposition is incorrect. Calculation
shows that the chance of a 7efasf of some sort occurring is
1,097 in 10,000, or nearly one in nine. The chance of a
refait trente-el-un is not one-tenth of this, or about 110 in
10,000, but 219, in 10,000, or twice as great as the uninitiated
imagine. Thus in very nearly two games in 91, instead of
one game in 91, a refait trente-ct-un occurs. It follows from
this, combined with the circumstance that on the average
the bank wins half its stakes only in the case of one of these
refaits (and account being also taken of the slight subordi-
nate chance above mentioned), that the mathematical
advantage of the bank is very nearly one-ninetieth of all the
sums deposited. The actual percentage is 14y per deposit ;
and in passing it may be noticed as affording good illustra
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bank which has so strong a chance of success against its united
antagonists.” ‘But,’ he adds, ‘so strangely are opinions formed
upon this subject, that it is not uncommon to find persons who
think they are in possession of a specific by which they must
infallibly win.’ If both the banker and the player staked on
each game 1-160th part of their respective funds, and the play
was to continue till one or other side was ruined, the bank
would have 49 chances to 1 in its favour against that one
player. But if, as more commonly is the case, the player’s
stake formed a far larger proportion of his property, these
odds would be immensely increased. If a player staked
one-tenth of his money on each game against the same sum,
supposed to be 1-16oth of the bank’s money, the chances
would be 223 to 1 that he would be ruined, if he persisted
long enough. In other words, his chance of escaping ruin
would be the same as that of drawing one single marked
ball out of a bag containing 224.

Other games played at the gaming tables, however
different in character they may be from rouge-et-noir, give no
better chances to the players. Indeed, some games give
far inferior chances. There is not one of them at which any
system of play can be safe in the long run. If the system
is such that the risk on each venture is small, then the gains
on each venture will be correspondingly small. Many ven-
tures, therefore, must be made in order to secure any con-
siderable gains ; and when once the number of ventures is
largely increased, the small risk on each becomes a large
risk, and, if the ventures be very numerous, becomes prac-
tically a certainty of loss. On the other hand, there are
modes of venturing which, if successful once only, bring in
a large profit ; but they involve a larger immediate risk.

In point of fact, the supposition that any system can be
devised by which success in games of chance may be made
certain, is as utterly unphilosophical as faith in the invention
of perpetual motion. That the supposition has been enter-
tained by many who have passed all their lives in gambling
proves only—what might also be safely inferred from the
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very fict of their being gamblers—that they know nothing
of the laws of probability. Many men who have passed al
therr lives among machinery believe confidently in the poss
bility of perpetual motion. They are familiar with machinery,
but utterly iznorant of mechanics. So the life-long gambler
is familiar with games of chance, but utterly ignorant of the
laws of chance.

Yet fortunes can be made at the gambling table. For-
tunes have been so made. From the preceding pages the
method of making such fortunes can be learned. It is all
contained in one precept :—Take advantage of the innate
propensity of immense numbers of men to gamble, and
swindle them so deftly that they shall not see where or how
much they are wronged.




THE FIFTEEN PUZZLE.

TARING up, the other day, ina Tasmanian hotel, a copy of a
Sydney weekly newspaper, I came across an extract from
the /llustrated London News—a passage in which Mr. Sala
comments humorously on the now celebrated, or perhaps
one should rather say the now notorious, Fifteen Puzzle.
He therein suggests that a short Act of Parliament should
be passed ¢ prohibiting, under penalty of heavy fine and long
imprisonment, all and sundry of her Majesty’s subjects from
Playing a dreadful game called “ Fifteen,” and known in the
United States as the “Great Boss Puzzle.”’ ‘You have a
box,’ hesays, ¢ containing sixteen numbered blocks or counters
You take out the number ¢ 16’ ; you mix up the counters in
the box so that they will run irregularly ; and then your task
~jyour fearful task—is, without lifting the tablets from the
box, to push them horizontally into a regular sequence of
from 1 to 15.” (The description is not quite correct, by-the.
by ; however, every one knows what the puzzle really is, and
a scientifically exact account of it is not required in a
humorous description.) ¢“That way madness lies,”’ pro-
ceeds Sala ; ¢but, pshaw ! what need have I to describe the
fearsome game ?  Even as I write, thousands of my readers,
old and young, may be playing it. If time be indeed money,
that Great Boss puzzle must have cost me at least a thousand
dollars between January and June last. I played it at
Omaha ; T played it at Chicago ; I played it at Great Salt
Lake City ; I played it on board the Hec/a coming home

and, upon my word, so soon as I have finished writing tt

T
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4 Echoes,” I shall be at the great Boss Puzzle again. Wiy
was it not stopped at the Custom House? Why was it not
brought under the provisions of dangerous exploswes o
cattle-plague laws?> There would be no use in proceeding |
against the persons who have naturalised this appalling app
ratus in England. Our old friend, “ the merest schoolboy,’
can make a game of Fifteen for himself from so many buttons
or draught-counters. It is the players who, in the interest
of precious time, should be punished.’
I myself took some part, sad to say, in naturalising the

fearsome game in England. For about the time when the
Boss Puzzle was most popular—I should say, most mischies 3
vous—in America, I sent a description of it to the New
castle Weekly Chronide. 1 accompanied that description,
however, with a statement that the problem can be proved
to be soluble in certain positions, and insoluble in others
In fact, from any one of more than ten million positions the
problem can be solved, while from precisely the same number
of positions it cannot. Unfortunately, I went on to say that
if any one were to assert that he had brought the blocks t0
their right position from one of the positions of the insoluble
class, or had seen the feat achieved, he must either be mis-
taken or else tell an untruth. This remark, perfectly true
and altogether innocent of offence, seeing that I knew of 00
readers of the Newcastle Weekly Chronicle who had asserted
or were prepared to assert any such thing, excited, the wrath
of many who, as they doubtless supposed, had succeeded in
solving the prcblem from all possible positions.

As the proof referred to in the Newcastle Weekly
Ctronicle—as far back, I think, as last March (I wrote my
remarks on the puzzle at Chicago last February)—is exceed-
ingly simple, and may prevent many (or theoretically should
certainly prevent all) from wasting their time over insoluble
positions of the Fifteen Puzzle, I think many readers of
these papers may be interested if I indicate briefly and
simply how the demonstration runs. It occurred to me
a few hours after I had seen the puzzle, and seems so
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sinple and obvious, that I can scarcely imagine others
have failed to notice it. Yet it has not, to my knowledge,
been given elsewhere. Moreover, I have seen several
attempts to analyse the puzzle, some by mathematicians of
repute and even of eminence, in which incorrect reasons
have been assigned for the insolubility of the problem from
certain positions, and incorrect rules laid down for distinguish-
ing soluble from insoluble positions. The rule resulting
from the following analysis is, I believe, the only correct one,
though it is quite possible there may be others, apparently
independent, which are, however, in reality deducible
from it.

First, let us consider what the puzzle really is, because it
has been through mistaken ideas on this point that many
had been led to suppose they had solved the problem from
insoluble positions, when, in reality, they had done nothing
of the kind.

We have a square box containing sixteen square blocks
mumbered in order from 1to 16 The - _
siteenth block is removed, so that the \
position of the blocks is that shown in S
Fig 6. This is called the won position,
viz.that in which the blocks 7ead in
Succession as we read printed matler
(that is, each line from left to right, and -
line after line in numerical order, run FiG. 6.
in the order of the numbers from 1 to 15, 2ke vacant square
being on the fourth or last line.)

The blocks are next arranged in any random order
'which must not be done solely by shifting the blocks one
)y one from the won position without taking any out).
Che problem is then to bring the numbers into the ‘won
iosition’ without removing any, that is, by simply shifting
zem one by one into places successively vacated. It is
> be noted that the ¢ won position’ must be obtained
recisely as pictured in Fig. 6, or as defined above. Many
zem to imagine that the problem is solved if either such

T2

N
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others serve as a means of mental training almost as well as
problems in mathematics. That is, they do so if dealt with
in the right way. For there is a right way and a wrong
way,even in dealing with the simplest puzzles. The wrong
way is to set to work in haphazard fashion, trusting to the
chapter of accidents for the solution. The right way is to
reason the matter out step by step, from the known
to the unknown, in the simplest puzzle, precisely as the
student of science strives to pass from the known to
the unknown in dealing with some great problem of
nature.

Now, suppose we examine first the won position ; passing
from it to others, by simply shifting blocks in the manner
dlowed when dealing with any ordinary or random pre-
sentation of the puzzle. Itis clear that any position attained

* byshifting the blocks thus from the places shown in Fig. 6
must be a winning position, since we have only to retrace
the steps by which such a position has been obtained to
Come again into the won position.

We can push block 15 to the vacant corner square,
and 14 next to 15, and 13 next to 14. By these changes
Wedo not alter the sequence of the numbers, reading them
in the same way as we read printed matter. Nor do we
alter the number of the row on which the vacant square lies,
counting the horizontal lines as we count the lines of
printed matter. We alter only the position of the vacant
square in its horizontal line, or the position of the column
containing the vacant square.  But we begin already to see
that this change is of far less importance than a change in

the number of the /ine containing the vacant square. For
the numerical sequence, the arrangement of which is the
main aim of any movements for solving the problem from a
random position, is not affected at all by shifting a block

horizontally. :

Replace the shifted blocks as at first, and try the effe

of shifting them vertically.
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c No. of i No. of No. of
. Displacements. Vacant Line. Vacant Column.

Ist
2nd
3rd
4th
sth
6th
7th
8th
oth
10th
11th
12th

O O\W O O\W O WO O\W
W = DW= NW = NW
o DN NDNWWWHS AP

It is obvious from this table that if we are seeking in the
right direction for some law by which to distinguish winning
positions from losing ones, assuming (as at this stage of the
inquiry we can but do) that such a law exists, we need pay
no further attention to the number of the column on which
lies the vacant square. We see that when the number of
displacements is even, the number of the partially vacant
line is also even ; while where the number of the displace-
ments is odd, the number of the partially vacant line is also
odd ; but the number of the partially vacant column varies
from odd to even, and from even to odd, independently of
any change in the other tabulated relations.

To make one further trial of known winning positions
before examining a random position,
push down the 12, 11 to the right, and
then 15 up, getting the position shown
in Fig. 9. Here there are six displace-
ments, 15 coming before 11, 13, 14, and
12, instead of coming after those four
numbers, and 13 and 14 each coming
before instead of after 12. The va- Fic. 9.
cant square is on the fowrtk line. Thus the number of
displacements and the number of the partially vacant
line are both even. Bring down the 15 again (I take no
special notice of the position thus attained, because it is the
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nience, I shall hereafter call the number of displacements
inany given case the ¢ total displacement’ ; and instead of
saying the number of the partially vacant line is odd or
even, as the case may De, I shall say simply the vacant line
isodd or even.) We may count the displacements thus, our
examination running along the numbers in the order of the
lines, as in reading :—

Displacements.
12 which follows should precede 14 . . . . I
4 ” ” 9’ l4y ) . . . 3
s £2) " 9' I4’ 12 . . . . 3
1 " ” 9’ l4’ 12’ 4’ 5 . . . 5
8 2 ” 9) 14) 12 ., . . . 3
3 ” ” 9’ I4’ lz’ 4’ 5! 8 . . 6
7 ” ”» 9, 14, 12, 8 . - 4
2 . ” ) 9 14,12, 4, 5,8, 3,7, 15. 9
13 ”» ” 14, 15 . . . .« 2
10 2 ” 14’ 12’ ls’ 13 . . . 4
6 Y] 2 9, 14, 12, 8: 7, 15, 13, 10, 8
1 ” ” 14, 12, 15, 13 . - 4

Total displacement . .

.
w
N

Thus the total displacement is ever, and the vacant line is
also even : so that, if our suggested law is correct, the posi-
tion should be a winning one.

Let us now consider the effect of any change in the posi-
tion of the blocks from the arrangement shown in Fig. 11.
What we want to ascertain is whether, when any such change

has been made, by sliding without removing blocks, the
position retains the characteristics which we have been led to
regard as indicative of a winning position.

It is clear that, whether we push the 1 or the 8 into the
vacant place, the ¢ total displacement’ remains unchanged.
If, however, we shift the 12 to the vacant position, the total
displacement is altered ; for the numbers 4, 5, and 1, which
should precede 12, but did not in the original position, are
now made to do so. The ¢ total displacement’ is reduced from 4
52 to 49, the vacant line from the second to the first. . Thuf
the law we are inquiring into still seems to hold good, f
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now both the total displacement and the vacant line are odd.
So also it holds if, instead of pushing down the 12, we push
up the 15. For in this case the numbers 3, 7, and 8, which
should precede 15, and did precede 15 in the original posi-
tion, are made to follow 15, the ‘total displacement’ being
thus increased from 52, an even number, to 55, an 027 num-
ber, while the vacant line is also changed from even to odd.
In all the cases thus far considered the total displacement has
either been increased or diminished by three, when a block
has been pushed up or down. But if after pushing 15 (Fig.
11) up,-we push 6 up, we only change the displacement (55)
by one ; for 6, which- had followed and should follow 2, is
made to precede 2, increasing the total displacement by one,
while 3 and 10, which had not followed 6 as they should,
are made to do so, decreasing the total displacement by two,
the actual reduction being therefore only oze. Thus, after
this change the total displacement is 54, an ezez number ; the
vacant line is the fourth, or also ever ; and the law we are
considering seems to be fulfilled after this change as after the
others.

But we begin now to see that ezery vertical displacement
of one block must increase or diminish the total displacement,
either by the odd number #47¢¢ or by the odd number oze.
An upward displacement puts a number before three others
which had been after those numbers. Now, either the dis-
placed number is greater than all those three or greater than
two of them, and less than one, or greater than one of them
only and less than two, or less than all three of them. In
the first case, the total displacement is increased by #47ee ; in
the second, it is increased by two and reduced by one, or
increased on the whole by oze; in the third it is increased by
one and reduced by two, or reduced on the whole by oze ;
in the fourth case, the total displacement is reduced by #&zree.
And obviously, pushing down a block must exactly reverse
these effects in the respective cases considered ; either re-
ducing the total displacement by #%7ee or by one, or increasing
i+ by one or by three.
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Since, then, each vertical change increases or diminishes
the total displacement by an odd number (3 or 1), successive
changes of this sort cause the total displacement to be alter-
nately odd and even. They also, of course, cause the vacant
line to be alternately odd or even. So that, if the total dis.
placement and the vacant line are both odd or both even for
any given position, they are both even or both odd after a
vertical displacement, both odd or both even after the next
vertical displacement, both even or both odd after the next;
and so on continually, that is (since horizontal displacements
produce no change at all in them), they remain always alike,
both even or both odd, whatever changes are made. On
the other hand, it is equally clear that if for any given posi-
tion the ¢ total displacement’ is odd and the vacant line even,
the former will be even and the latter odd after a vertical
displacement ; one odd, the other even, after the next
vertical displacement ; and so on continually ; that is, (since
horizontal displacements produce no change at all in them),
they remain always unlike—one odd, the other even—what-
ever changes are made. .

Since, then, in the won position the total displacement
(o) is even, and the vacant line (4th) is also even, in every
position deducible from the won position or reducible to
the won position, the total displacement and the vacant line
are either both even or both odd. And therefore no posi-
tion in which the total displacement is
even and the vacant line odd, or wice
verst, can possibly be a winning po-
sition,

We have established a law which
atany rate proves the hopelessness of 3
attempting to pass from the position
shown in Fig. 12, or from any position
deducible from or reducible to this arrangement, to the won
position shown in Fig. 6. For in Fig. 12, the displacement
is one or odd, and the vacant line even. This, with many,
will be regarded as a sufficient analysis of the Fifteen Puzzle,

O Wi -

FiG. 12,
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smace every o who has ever tied it knows well that we can
WIS edinik JBY Zven [osion In a2 few minutes, either to
tix coscon swwe 3 Frz 6 (the won posidon), or to that
siwwz 1 Fag 1> whach mav conveniently be called the lost
pusicun

Bar = realicy somwcthing more is required for the com-
piete izalyss of the pazzke. We have proved that from
moee of twe mxuitxedinous positions (one-half of the total
mmier; n whack the total displacement is odd and the
vacant Ene even. or &z rersd. can any position be obtained
m which the total displacement and the vacant line are either
botk even or both odd ; also, that from not one of the
multitedinoes positions of the latter kind (say the winning
kind) can ooe of the former kind (say the Lsing kind) be
obtained  But we have not yet proved that from any post
tion of the winning sort any other position of the winning
sort, including the won position, can be obtained ; or that
from any position of the losing sort any other position of the
same sort, including the lost position.

We cannot possibly prove either of these relations ex-
penmentally, for the simple reason that there are raore than
ten millions of millions of positions of the winning sort, and
as many of the losing sort.!

! There are in each position fifteen occupied squares and one square
unoccupied, which square we may always suppose to be occupied by
the number 16. The total possible number of arrangements, there-
fore, is the same as the number of permutations of 16 things (all
appearing in each arrangement, which is, indeed, understood usually by
mathematicians when they use the word permutation as distinguished
from combination). This number, it is well known, is that obtained
by multiplying together the number, 1, 2, 3, 4, &c., up to 16, or
20,922,789,888,0co. Of these, one-half, or 10,461,394,944,000, are
winning and as many are losing positions.

I venture to quote here, in passing, some remarks which I made in
my article on the Fifteen Puzzle in the dwstralasian—remarks not, of
course, intended to be taken ax grand sérienx, but which were unfor-
tunately so taken by a few whom I must consider rather dull-brained
readers. ¢ Professor Piazzi Smythe, and other believers in the Great
Pyramid, may find in the above numbers proof positive that the archi-
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Yet it is not difficult to prove that from any winning
position any other winning position, and from any losing any
other losing position, may be obtained. The demonstration
may be arranged as follows :—

When we take a square of four small squares only, and
have three numbered blocks (say 1, 2, 3) and one vacant
square, we can shift these round from any given position
into twelve positions, as thus :—

1st and 3rd 4th
1| 2 1| 2 2 l 2
3 3 13| 1|3
sth 6th 7th 8th
23 213 3 3
I 1 2 |1 2 |1
oth 10th 1th 12th
3|1 l 3|1 I | 1
2 l _l_z— 3|2 | 3| 2
Fi1G. 13.

These are only half the possible positions of the numbers
1, 2, 3, in a square of four quarter-squares. The other half
will be obtained by starting from the position
and carrying the vacant square round in the way | ! | 3
above shown, for the series of 12 positions from | »
the initial position.

In this, the simplest case, we see that starting from any
given position, half the possible arrangements of three
numbers in a square of four square spaces, one vacant,

tects of that building at once anticipated the celebrity of the Great
Boss Puzzle, and were acquainted with the distance of the star Alpha
Centauri, the nearest of all the stars. The proof runs thus : The base 1
of the pyramid is square, like the Fifteen Puzzle box, and has fou
sides, suggesting manifestly the division of each side into four eque
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rectangles (as a 9 square, or a 25 square, or a 3 by 4 rect-
angle, or a 5 'by 6 rectangle, and so forth), every point of
intersection of the cross lines forming the squares is a centre
round which, by bringing the vacant square next to any such
point, the three blocks left around it can be turned, as in the
above case we turned the numbers 1, 2, 3. But we can
also turn the numbers round any Z#ze between such points
of intersection. Thus, in the won position of Fig. 6, the
blocks 15, 14, 10, 11, 12, can be turned round the line
between the blocks 11 and 15, retaining the same sequence
round the rectangle of six squares in which these blocks and
the vacant square lie ; and similarly with any other such line
between two squares. Again, the blocks 15, 14, 13, 9, 10,
1, and 12 in the same figure can be turned round the line
between the blocks 14, 11, and 14, 15. Next, the blocks
round any one of the middle squares can be moved round
such squares (after the vacant square has been brought next
toit) Thus the blocks 13, 14, 10, 6, 7, 8, and 12, Fig. 6
an be moved round the block 11. So the blocks round
any adjacent pair of the blocks now occupied by the number,
6,7, 10, and 11, in Fig. 6, can be turned round that pair
(as,12, 8, 7, 6, 5, 9, 13, 14, 15 round the pair 10, 11). And
lastly, the border squares can be turned round the central
set of four squares occupied in Fig. 6 by the numbers 6, 7,
Io, I1I.

In all, in the complete puzzle, there are thirty-six kinds
of turning motion, namely : round nine points of intersec-
tion, round twelve lines between squares, round six lines
between pairs of squares, round four squares, round four
pairs of squares, and round one square of four square.

In what follows, I propose, for the convenience of descrip-
tion and explanation, to regard rotations such as are above
described as always taking place in one direction, viz. in the
direction contrary to that in which the hands of a watch
move (this being what mathematicians call the positive
direction of rotation); and when I speak of rotation roun¢
a rectangle or square of blocks, whether the whole set
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two numbers to occupy squares 2 and 3 were originally
adjacent and in wrong order, we must separate them by
rotating round A B till either the top or bottom row are
occupied by the two numbers and a vacant square between
them, into which vacant square we put the middle block
of the bottom or top row, as the case may be. After this
the above method can be applied.

So that in every case the top row, or any three squares
in sequence round A B, may be occupled by any three
blocks we please in any order.

We cannot do more that this, for only two blocks remain,
and it may be shown for such a rectangle as A B, precisely
as for the original puzzle, that one-half the possible arrange-
ments, though interchangeable znfer se, are not interchange-
able with arrangements belonging to the other half.!

Next take the case of a rectangle of eight squares, as
AB, Fig. 15, where the won position A c

for such a rectangle is shown. What =~ — ————
we have to do in this case is to get l i I I

a given set of five blocks in assigned [T 6|7

order, into the squares 1,2, 3, 4pand — ;7
5. First, as in the last case, we get Fic. 15.

the two blocks which are to occupy
the squares 3 and 4 into these squares, and by rotating
backwards round C B, we bring them into the right-hand
column. The remaining blocks of the five belong to the
last case, since they are in a rectangle (A D) of six squares.
We bring them into proper sequence, but in the squares
1,2, 3 (instead of 5, 1, 2, which they are eventually to
occupy). Then all the five blocks are in proper sequence,
and a rotatior® of one square round A B brings them into
the proper squares 1, 2, 3, 4, §.

Next take a square of nine squares, as A B, where the won
position for such a square is shown. What we have to show

' The total displacement and the vacant line in all posmons reducible
to that shown in fig. 14 are cither both even or both odd ; in all other
positions one is even, the other odd.

U
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venient in this case to begin by getting into the squares 1, s, 9,
the proper blocks for those squares. (It will be seen at once
from what follows, that if the rectangle were three squares
broad and four high, instead of three high and four broad,
we should begin by the top row of three, the same method
applying in all other respects to each case.) Now, of the
tiree blocks for the left-hand column, two must be either
inthe square C B or in the rectangle D B. In the former
case they can be brought at once to the squares 4, 8, in the
latter they can be brought to s, 9, and rotated round A Bto
the squares 4, 8. Let the vacant square be then broughtto
the corner B, if not already there. Then, if the third block
of the three is in the square C B, the last case enables us
at once to bring the three in the right sequence to the
squares 2, 3, 4, whence they can be rotated round A B to
the required squares 1, 5,9. If the third block is at 1 org,
shift the blocks 6, 10, and 11 (11 to corner square). This
frees the square 5, and the second case enables us to bring
the three blocks to squares 1, 2, 3, in the rectangle A E,
whence we rotate them to 1, 5, 9. If the third block is at
9, rotate 4, 8, and the vacant square to the positions 11, 7,
3, and then the three blocks are in a square of nine squares
(A F), and can be brought at once in the required order to
the squares 1, 5, 9. Then the rest of the rectangle, namely,
the square C B, can be arranged, as shown in thelast case,
so that all the blocks, except those for the squares 10, 11,
are in assigned positions.

Note, also, that in this case we might have begun by
getting into the right position the four blocks intended to
occupy the squares 1, 2, 3, 4. Thus, having first got the
blocks for the squares 2, 3, 4, into the squares 9, 5, 1, in the
way already shown for any three blocks, we bring to the
square 1o the block intended for square 1, doing this by
rotation around C B or C F, as the case may require,
without touching the blocks in 1, 5, 9 ; then rotation around {
A B brings the four blocks into the required squares, 1, s

3, 4, in the assigned order.
va2
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Lastly, we reach the case of the Fifteen Puzzle itself
shown in the won position in Fig. 6, and again in Fig. 18,
We have to show that a given set of 13 of these blocks
can be brought to the squares 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, in an assigned order. Here the reasoning
is of precisely the same kind as in the two preceding
paragraphs. Three of the four blocks meant for squares
1, 2, 3, 4, must be either in the rectangle C B or in the
rectangle D B. In either case we can bring them (directly
in one case, by rotation around D B in the other) to the
squares 4, 8, 12. If the remaining block is in the oblong
A C C F, we get the four into right order,

down the right hand column of the
D oblong C B by the last case, and
rotate to the required squares 1, 2,
3, 4. 1f the fourth block is in one
of the squares 1, 5, 9, rotate the
blocks in 11, 15 (bringing the one in
F B 15 to corner B), and then the four
FIG. 18. blocks lie in the oblong A E, and
can be brought to the squares 1,
2, 3, 4, as in last case. Lastly, if the fourth block is
at 13, push down the blocks in 4, 8, 12, rotate those
in 7, 2, bringing the one in 3 to corner square 4, and
then the four blocks are in the oblong I B, and can be
brought into the lowest row in the required order, as in the
last case, and thence rotated to the squares 1, 2, 3,4
After this, the rest of the square, namely, the oblong D B,
can be arranged, as shown in the last case, so that all the
blocks, except those in the squares 14, 15, are in assigned
positions.

I might here go on to show that in any square or oblong
whatever, no matter how great the number of blocks in the
length and breadth, all except the last two can be brought into
any assigned order. To do this, all that would be necessary
would be to,show that, if in an oblong or square of given
numbers of blocks in length and breadth the blecks can so be

E
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amanged, they can also be arranged in an oblong or square
having one more row added either to its length or breadth.
For then, having already shown that we can so arrange an
oblong of two by three, an oblong of two by four, a square of
three by three, an oblong of three by four, and a square of
four by four, it follows that we can similarly arrange an oblong
of three by five and of four by five, a square of five by five:
and so on, without limit. But I leave this as an exercise
for the reader, noting only that the method is precisely
similar to that by which the last case above dealt with was
obtained from the last but one, that from the preceding, and
50 forth.

In a paper which appeared in the Australasian for
. August 21, 1880, I have proved the above relations, and
also the general case, in another way, not quite so simple
but more concise ; showing that from any given position a
certain number of positions must always be obtainable, and
that number being (with the given position) exactly one-half
of the total number of possible arrangements, must include
all the cases of its own kind, that is, either winning or losing
% the case may be.

I have there also established the following rules for
distinguishing winning from losing positions in an oblong
or rectangle of any number of squares in the length and
breadth,

First, if the number both of horizontal and vertical rows
be even (as in the Fifteen Puzzle), the won position, in which
the blocks succeed each other in numerical sequence, follow-
ing the lines as in reading, and leaving the last square vacant,
Can be obtained from any position in which the ¢ total dis-
Placement * and the number of the partly vacant square are
either both even or both odd ; butif the  total displacement’
iseven and the number of the partly vacant line odd, or -
vie versd, the won position cannot be obtained.

Secondly, if the number of horizontal rows be odd, ar
the number of vertical rows even, then the won position ¢t
be obtained if the ‘total displacement’ is even and tl






ETNA.

THERE is a marked contrast between the circumstances of
the eruption of Etna in the summer of 1879, and those of
the last preceding eruption. For many years the great
South European volcanic system had shown but few signs
of disturbance, and those only slight. Vesuvius had occa-
sionally threatened an outbreak. The crater of that moun-
tain had filled several times to the brim, and had once or
twice overflowed ; but there had been no great eruption of
Vesuvius. Etna had been almost entirely quiescent for the
preceding ten years. The other less important outlets of
the South European volcanic system had been equally free
from disturbance.

It was otherwise when in November 1868 Etna burst
into eruption.  During thirteen months the volcanic system
of Southern Europe had been disturbed by subterrancan
movements. Scarcely a single portion of the wide arca
included under that name had been free from occasional
shocks of earthquake. There had been shocks at Con-
stantinople, at Bucharest, at Malta, and at Gibraltar.
Mount Vesuvius, the most active though not in all respects
the most important of the outlets by which that system finds
relief, had been in a state of activity during the whole of the
Preceding year, and three several times in actual eruption.
But it had seemed as though Vesuvius—owing perhaps to
changes which had taken place in its subterranean ducts
and conduits—had been unable to give complete relief to
the forces then at work beneath the southern parts of
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Europe. Whenever Vesuvius had been quiescent for a
while during 1868, earthquakes occurring at far distant
places not only showed the connection which exists between
the action of Vesuvius and the condition of regions far
remote from Vesuvius, but that the great Neapolitan outlet
was not able to relieve as usual the remote parts of that
wide volcanic region. Even in England and Ireland there
were earthquakes, at times corresponding significantly with
the temporary quiescence of Vesuvius. In fact, scarcely
ten days had passed after the occurrence of an earthquake
which alarmed the inhabitants of Western Europe, before a
great eruption of Vesuvius began. A vast cone was thrown
up, from which the imprisoned fires burst forth in rivers of
molten lava ; and round the base of this cone other smaller
ones formed themselves which added their efforts to that of
the central crater and wrought more mischief than in any
eruption of Vesuvius since that of 1797.

But, enormous as was the quantity of lava which those
cones poured forth, it would seem that Vesuvius was still
unable to give perfect relief to the imprisoned gases and
fluids which had long disturbed the South of Europe. All
that Vesuvius could do had been done ; the smaller cones
had discharged the lava which communicated directly with
them, and had then sunk to rest; the great cone alone con-
tinued—but with diminished energy—to pour forth masses
of burning rock and streams of liquid lava, That the im-
prisoned subterranean fires had not fully found relief was
shown by the occurrence of an earthquake at Bucharest,
late on the evening of November 27, which was only a day
after the partial cessation of the eruption of Vesuvius. Pro-
bably the masses of liquid fire which had been flowing
towards Vesuvius had collected beneath the whole of that
wide district which underlies Etna, Stromboli, and the
Neapolitan vents. Be this as it may, it is certain that but a
few hours after the occurrence of the earthquake in Walla-
chia, Mount Etna began to show signs of activity, and by
the evening of November 28, 1868, was in violent eruption.
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When we consider these circumstances in connection
Wwith the recognised fact that Etna is an outlet of the same
volcanic system, we can hardly be surprised that the ineffec-
tual efforts of Vesuvius should have been followed by an
eruption of the great Sicilian volcano. We can imagine
that the lakes of fire which underlie the Neapolitan vent
should have been inundated, so to speak, by the continual
inrush of fresh matter, and that thus an overflow should
have taken place into the vast caverns beneath the dome of
Etna which had been partially cleared when the Sicilian
mountain was in eruption in 1865. During a whole year
some such process had probably been going on, until at
length the forces which had been silently gathering them-
selves were able to overcome the resistance of the matter
which stopped up the outlets of Etna, and the mountain
was forced into violent and remarkably sudden action.

Unlike Vesuvius, Etna has always, within historic times,
been recogpised as an active volcano. Diodorus Siculus
speaks of an eruption which took place before the Trojan
war, and was so terrible in character as to drive away the
Sicani who had peopled a neighbouring district. We learn
also from Thucydides that in the sixth year of the Pelopon-
nesian war a lava-stream destroyed the suburbs of Catania.
This eruption, says the historian, was the third which had
taken place since the island had been colonised by the
Greeks. Classical readers will scarcely need to be reminded
of Pindar’s graphic description of the eruption which took
place fifty years before the one referred to by Thucydides.
Although the poet only alludes to the mountain in passing,
he has yet succeeded in presenting with a few skilful strokes
the solemn grandeur of ancient Etna, the scene of the
struggles of the buried giant Typhceus. He portrays the
snowy mountain as ‘the pillar of the heavens, the nurse of
eternal snows, hiding within deep caverns the fountains of
unapproachable fire ; by day a column of eddying smoke,
by night a bright and ruddy flame ; while masses of burning
rock roll ever with loud uproar into the sea.’
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The cone of Etna rises to more than twice the height of
Mount Vesuvius. Of old, indeed, the Sicilians assigned to
their mountain a height not falling very far short of that
of the grandest of the Alpine mountains. But in 18r5,
Captain (the late Admiral) Smyth ascertained by a careful
series of trigonometrical observations that the true height of
the mountain is 10,874 feet. The Catanians were indignant
that a young, and at that time undistinguished, Englishman
should have ventured to deprive their mountain of nearly
2,000 feet of the height which had been assigned to it by
their own observer Recupero, and they refused to accept
the new measurement. Nine years later, however, Sir John
Herschel from barometrical observations estimated the
mountain’s height at 10,8724 feet. The close agreement
between the two results was spoken of by Herschel—Lyell
tells us—as a ‘happy accident ;’ but, as Dr. Wollaston re-
marked, ¢it was one of those accidents which would not
have happened to two fools.’

The figure of Etna is a somewhat flattened cone, which
would be very symmetrical were it not that on the eastern
side it is broken by a deep valley called the Val del Bove,
which runs nearly to the summit of the mountain, and
descending half-way down its banks is connected with a
seccond and narrower valley, called the Val di Colonna
The cone is divided into three regions called the desert, the
woody, and the fertile regions. The first of these is a waste
of lava and scorie, from the centre of which uprises the
great cone. The woody region encircles the desert land to
a width of six or seven miles. Over this region oaks, pines,
and chestnut-trees grow luxuriantly ; while here and there
are to be seen groves of cork and beech. Surrounding the
woody region is a delightful and well-cultivated country
lying upon the outskirts of the mountain and forming the
fertile region. This part of Etna is well inhabited, and
thickly covered with olives, vines, and fruit-trees. One of
the most singular peculiarities of the mountain is the preva-
lence over its flanks of a multitude of minor cones, nearly
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& hundred of which are to be seen in various parts of the
Woody and fertile regions. Of these, Sir Charles Lyell
remarks, that ¢although they appear but trifling irregularities
when viewed from a distance as subordinate parts of so
imposing and colossal a mountain, they would, nevertheless,
be deemed hills of considerable magnitude in almost any
other region.’

It has been calculated that the circumference of the cone
is fully eighty-seven English miles; but that the whole
district over which the lava extends has nearly twice that
circuit.

8 Of the earlier eruptions of Mount Etna we have not
received very full or satisfactory records. It is related that
in 1537 the principal cone, which had been 320 feet high,
was swallowed up within the hollow depths of the mountain.
And again, in 1693, during the course of an earthquake
which shook the whole of Sicily and destroyed no fewer
than 60,000 persons, the mountain lost a large portion of its
height, insomuch that, according to Boccone, it could not be
seen from several parts of the Valdemone whence it had
before been clearly visible. Minor cones upon the flanks
of the mountain were diminished in height during other
outbursts in a different manner. Thus in the great eruption
of 1444, Monte Peluso was reduced to two-thirds of its
former height, by a vast lava-stream which encircled it on
every side. Yet, though another current has recently taken
the same course, the height of this minor mountain is still
three or four hundred feet. There is also, says Sir Charles
Lyell, ¢a cone called Monte Nucilla, near Nicolosi, round
the base of which successive currents have flowed, and
showers of ashes have fallen, since the time of history, till
at last, during an eruption in 1536, the surrounding plain
was so raised, that the top of the cone alone was left pro-
jecting above the general level.’

But the first eruption of which we have complete and
authentic records is the one which occurred in the year
1669. An earthquake had taken place by which Nicolosi, a
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thrown down, however,’ says Sir Charles Lyell, ‘but was
discovered long afterwards by excavations made in the rock
by the Prince of Biscari ; so that the traveller may now see
the solid lava curling over the top of the rampart as if still
in the very act of falling. The current had performed a
course of fifteen miles before it entered the sea, where it
was still six hundred yards broad and forty feet deep. It
covered some territories in the environs of Catania, which
had never before been visited by the lavas of Etna. While
moving on, its surface was in general a mass of solid rock ;
and its mode of advancing, as is usual with lava-streams,
was by the occasional fissuring of the solid walls. A gentle-
man of Catania, named Pappalardo, desiring to secure the
city from the approach of the threatening torrent, went out
with a party of fifty men whom he had dressed in skins to
protect them from the heat, and armed with iron crows and
hooks. They broke open one of the solid walls which
flanked the current near Belpasso, and immediately forth
issued a rivulet of melted matter which took the direction of
Paterno ; but the inhabitants of that town, being alarmed
for their safety, took up arms and put a stop to further
Operations.’

In the eruption of 1755 a singular circumstance oc-
curred. From the Val del Bove, usually dry and arid, there
flowed a tremendous volume of water forming a stream two
hiles broad, and in some places 34 feet deep. It flowed in
the first part of its course at the rate of two miles in three
minutes. It is said to have been salt, and many supposed
it had been in some way drawn from the sea, since its
volume exceeded that of all the snow on the mountain. It
has, however, since been found that vast reservoirs of snow
and ice are accumulated in different parts of the mountain
beneath the lava. The snow was melted by the heat of the
rising lava, and was made salt by vaporous exhalations.

Of the singular solidity of the walls of an advanci
lava-stream, Recupero has related a remarkable instar
During the eruption of 1766, he and his guide had ascen
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In 1811, according to Gemmelaro, the great crater gave
vent, at first, to a series of tremendous detonations, from
which it was judged that the dome of the mountain had
become completely filled with molten lava, which was seek-
ing to escape. At length a violent shock was experienced,
and from what followed it would seem that by this shock
the whole internal framework of the mountain had been
rent open. For, first a stream of lava began to pour out
from a gap in the cone not far from the summit. Then
another stream burst out at an opening directly under the
first, and at some distance from it. Then a third opening
appeared, still lower down ; then a fourth, and so on, until
no less than seven openings had been formed in succession,
all lying in the same vertical plane. From the way in which
these openings appeared, and the peculiarity that each
stream of lava had ceased to flow before the next lower one
burst forth, it is supposed that the internal framework of
the mountain had been rent open gradually, from the sum-
mit downwards, so as to suffer the internal column of lava to
subside to a lower and lower level, by escaping through the
successive vents. This, atleast, is the opinion which Scrope
has expressed on the subject, in his treatise on ¢ Volcanoes.’
The eruption of 1819 was in some respects even more
temarkable. I have already mentioned the Val del Bove,
which breaks in upon the dome of Etna upon the eastern
side. In the eruption of 1819 the whole of this great valley
was covered by a sea of burning lava. Three large caverns
had opened not far from the fissures, out of which the lava
had flowed in 1811 ; and from these, flames, smoke, red-hot
cinders, and sand were flung out with singular impetuosity.
Presently another cavern opened lower down, but still no
lava flowed from the mountain. At length a fifth opening
formed, yet lower, and from this a torrent of lava poured
out, which spread over the whole width of the Val del Bove,
and flowed no less than four miles in the first two days.
This torrent of lava was soon after enlarged by the acces-
sion of enormous streams of burning matter flowing from
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the three caverns which had formed in the first instance.
The river of lava at length reached the head of the Colonna
Valley, where there is a vast and almost vertical precipice,
over which the lava streamed in a cataract of fire. But
there was a peculiarity about the falling lava which gave to
the scene a strange and awful character. As the burning
cascade rushed down, it became hardened through the cool-
ing effects due to its contact with the rocky face of the pre-
cipice. Thus, the matter which had flowed over the head
of the valley like a river of fire fell at the foot of the pre-
cipice in the form of solid masses of rock. The crash with
which the falling crags struck the bottom of the valley is
described as inconceivably awful. At first, indeed, the
Catanians feared that a new eruption had burst out in that
part of the mountain, since the air was filled with clouds of
dust, produced by the abrasion of the face of the precipice
as the hardened masses swept over it.

The length of time during which the lava of 1819 con-
tinued to flow down the slopes of the great valleys is well
worth noticing. Mr. Scrope saw the current advancing at
the rate of a yard per hour nine months after the occur-
rence of the eruption. The mode of its advance was re-
markable. As the mass slowly pushed its way onward, the
lower portions were arrested by the resistance of the ground,
and thus the upper part would first protrude itself, and then,
being unsupported, would fall over. The fallen mass would
then in its turn be covered by a mass of more liquid lava,
which poured over it from above. And thus ¢ the turrent had
all the appearance of a huge heap of rough and large cinders
rolling over and over uponiitself by the effect of an extremely
slow propulsion from behind. The contraction of the crust
as it solidified, and the friction of the scoriform cakes
against one another, produced a crackling sound. Within
the crevices a dull red heat might be seen by night, and
vapour issuing in considerable quantity was visible by day.

The circumstance that Etna uprears its head high above
the limit of perpetual snow has a remarkable bearing on the



ETNA., 303

characteristics of this volcano. The peculiarity is touched
on by Pindar in the words already quoted, in which he
speaks of Etna as ‘the nurse of everlasting frost concealing
within deep caverns the fountains of unapproachable fire.’
It will be readily conceived that the action of molten lava
upon the enormous masses of snow, which lie upon the
upper part of the mountain, must be calculated to produce
—under special circumstances—the most remarkable and,
unfortunately, the most disastrous effects. It does not
always happen that fire and ice are thus brought into danger-
ous contact. But records are not wanting of catastrophes
produced in this way. In 1755, for example, a tremendous
flood was occasioned by the flow of the two streams of lava
from the highest crater. The whole mountain was at the
time (March 2nd) covered with snow, and the torrent of lava
formed by the union of the two streams was no less than
three miles in width. It will be readily conceived that the
flow of such a mass of molten fire as this over the accumu-
lated snows of the past winter produced the most disastrous
effects. ¢A frightful inundation resulted,” says Sir Charles
Lyell, ¢ which devastated the sides of the mountain for eight
miles in length, and afterwards covered the lower flanks of
Etna (where they were less steep), together with the plains
near the sea, with great deposits of sand, scoriz, and blocks
of lava.’

In connection with this part of the subject I may mention
the singular and apparently paradoxical circamstance that,
in 1828, a large mass of ice was found, which had been pre.-
served for many years from melting by the fact that a current
of red-hot lava had flowed overit. We might doubt the
occurrence of so strange an event, were it not that the fact is
vouched for by Sir Charles Lyell, who visited the spot where
the ice had been discovered. He thus relates the circum-
stances of the discovery :—‘The extraordinary heat expe-
rienced in the South of Europe, during the summer and
autumn of 1828, caused the supplies of snow and ice which
had been preserved in the spring of that year for the use of

X
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formed over the snow a solid covering, strong enough to
resist the effects of the fresh molten matter which was con-
tinually streaming over it. In this way we may readily con-
ceive, as Sir Charles Lyell has remarked, that a glacier
10,000 feet above the sea level would endure as long as the
snows of Mont Blanc, unless heated by volcanic heat from
below.

It is worthy of notice that in the Antarctic seas there is
an island called Deception Island, which is almost entirely
composed, according to the authority of Lieut. Kendall, of
alternate layers of ice and volcanic ashes.

One of the most perplexing subjects to geologists is the
existence of so_.remarkable a valley as the Val del Bove,
breaking the contour of the dome of Etna nearly to the
summit. It must be remembered that there are few subjects
which have been more carefully examined than the question
of the formation of valleys and ravines. The primary agent
recognised by geologists is the action of subterranean forces
in upheaving and depressing the land. In this way, doubt-
less, all the principal valleys have been formed. But
fluviatile influences have also to be considered: and a
valley which exists upon the flank of a mountain may, in
nearly every instance, be ascribed to the action of running
water.

In the case of the Val del Bove, however, we are forced
to come to a different conclusion. If this valley had been
formed by the action of running water in some long-past era
of the mountain’s history, the chasm would have deepened
as it approached the base. On the contrary, the precipices
which bound the Val del Bove are loftiest at the upper ex-
tremity, and gradually diminish in height as we approach the
lower regions of the mountain.

Nor can we imagine that the valley has been formed by
a landslip. The dimensions of the depression are altogether
too great for such an explanation to be available. And,
passing over this circumstance, we are met by the consider-

ation that, if the land which once filled this valley had
X2
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villages, was engulfed, and the cone of the mountain lost
4,000 feet of its height.’

There is nothing unreasonable, therefore, in supposing
that some such event may have resulted in the formation of
the strange valley which mars the dome-shaped figure of
Mount Etna, although no such events have been witnessed
in the neighbourhood in recent times.

One singular feature of the valley remains to be men-
tioned. The vertical face of the precipices which bound it
are broken by what, at a distant view, appear to be dark
buttresses, strangely diversified in figure, and of tremendous

adlitude. On a closer inspection, however, these strange
objects are seen to be composed of lava jutting out through
the face of the cliffs. Being composed of harder materials
than the cliffs, they waste away less rapidly, and thus it is
that they are seen to stand out like buttresses. Now, we
would invite the close attention of the reader to this part of
our subject, because, as it seems to us, it illustrates in a sin-
gularly interesting manner the mode in which volcanic cones
are affected during eruption.

We have seen that in the eruption of 1811 there was
evidence of a perpendicular rent having taken place in the

internal framework of Etna, and in 1669 a fissure was formed
which extended right through the outer crust. In one case
lava was forced through the rent, and burst out at the side
of the mountain. In the other, the brilliant light which was
emitted indicated the presence of molten lava deep down in
the fissure. Now, when we combine these circumstances
with the dykes seen in the Val del Bove, and with the similar
appearances seen round the ancient crater of Vesuvius, we
can come, as it appears to me, to but one conclusion.
Before and during an eruption, the lava which is seeking for
exit must be forced with such tremendous energy against the
internal framework of the mountain’s dome, as to fracturé s
and rend the crust, either in one or two enormous fissure
or in a multitude of smaller ones. It does not follow th
all or any of the fissures would be visible, because the out
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which the writer must surely mean obstructing their
passage), ¢ even at a distance of many miles. These ashes
have been carried far and wide, and have even covered the
ground as far away as Reggio, on the adjacent coast of
Calabria. Three new craters have opened in the direction
of Randazzo, on the north side of the mountain, and
the lava is running rapidly towards the town of Francavilla,
where great alarm is felt, though that town is situated beyond
the river Alcantara, and on the very outskirts of the region
usually threatened by eruptions. On the opposite side of
the mountain, Palermo and the adjacent villa of Santa
Maria di Licodia are reported to be greatly alarmed.’
But at present the direction of the disturbance is towards
the north, and the chief danger lies therefore also in that
direction. The new craters, and the fissure with which the
eruption began, lie all on the northern side of the mountain.
¢ The stream of lava, which is estimated to be 70 metres’
(about 75 yards) ¢in width, is flowing in a direction some-
where between Francavilla and Randazzo, and seems to
have reached the high road which encircles the mountain,
and connects the latter town with the villages Linguaglosso
and Piedimonte. These villages are inshrouded in a canopy
of ashes, and almost total darkness prevails in them.
None of the ordinary concomitants of a great eruption seem
to be absent. Balls of fire, or what are taken for such, are
hurled into the air from the new craters and fissutes, and,
having reached a great height, they burst with a loud crash.
Reports like the rolling of artillery are heard in the night,
while night and day alike the stream of lava flows stealthily
and irresistibly on, until by the latest accounts it has reached
to within a few miles of Linguaglossa.’

Whether the eruption now in progress will attain the
dimensions of the more rémarkable of those which have
preceded it, remains to be seen. As the last took place ten
years ago, and was considerable, though following one which
has occurred but three-and-a-half years earlier, it seems not
unlikely that the present may be an important eruption.
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Wiat we kww zirezly respectimy it temds to coafirm the
Bedlef of Sir Charles Luell, e, of the carth’s internal fires
are Somsimy N ceEmscy, the dmormmon takes place very
sicwiy. A process of champe may be going on which willre-
st one Siy 1 the cesstion of il suheeyranean movements
Bat the rate at whoch such a2 process is going on is so sov
at presenr 1s to be ompercepuible. We cannot point to
tooe within the historacal ez, or even within that far wider
mnge of durzticn witch is covered by geological records, 2t
which the ezrth’s irternal forces were decidedly superior in
eneargy to those at present in action.  Nor is this to be & |
garded as of evil import, bat ahogether the reverse. The

work achieved by subterranean action, destructive thoogh

its immediate eficcts may often appear, is absolutely neces

sary to the welfare and happiness of the human race. It

to the reproductive energy of the earth’s internal forces that

we are indebted for the existence of continents and islands

on which warm-blooded animals can live. ¢Had the

primeval world been constructed as it now exists,’ says S

John Herschel, ¢ time encugh has elapsed, and force enough

directed to that end has been in activity, to have long 8

destroyed every vestige of land’ So that, raising 00

thoughts from present interests to the future fortunes of th¢

human race, we may agree with Sir Charles Lyell that the
most promising evidence of the permanence of the present
order of things consists in the fact that the energy of sub-
terranean movements is always uniform, when considered
with reference to the whole of the earth’s globe,
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A FEW years ago attention was called to the circumstance
that whereas, in the United States, daily weather forecasts
appeared whereof rather more than four-fifths were correct,
our English weather reports were limited to announcements
of the weather which had prevailed the day before, except in
afew cases where storms or transient disturbances were pre-
dicted with a fair share of success. At that time it seemed
to be the general opinion of British meteorologists that such
Weather warnings as were then and are still issued in America
could not be given in this country. Mr. Scott, the director
of the Meteorological Office, said only four years ago that the
Tesults attained in the United States ¢ furnished no prece-
dent for us,” because ¢ the area covered by the telegraphic
System there is so much larger than in Western Europe,
Imespective of the fact’ that ¢the system is military and
Provided on a most liberal scale with funds.” Since that time
2 system of daily weather forecasting has been arranged,
which has been almost as successful as the American system,
Dotwithstanding the serious difficulties with which the
Meteorologists of Western Europe have to contend. Our
Meteorologists have learned to recognise certain rules of the
Weather, which, though not invariable, are yet fulfilled in a
'8e proportion of cases. They have learned to indicate the
t';ea-ther phenomena at any given time in such a way that
i es‘e rules can be applied quickly and correctly—con.'ectly: ‘
.- W11l be understood, in this sense, that the result indicate
Tormectly described as the most probable though ¢!






WEATHER FORECASTS. 315

rapid change of pressure) or drawing apart (which indicates
that pressure is becoming more equable). We note, also,
Thow temperature is changing with the progress of the area or
aress of low or of high pressure, whether the skies are clear-
ing, or darkening, and so forth. From such indications the
;  Yprobable progress of weather changes during the next few
i- hous can be inferred, with more or less confidence, accord-
ing as the changes over the region of observation have been
steady or the reverse during the preceding hours or days.
" Tnsome cases it becomes possible to forecast with tolerable
confidence the progress of the weather during more than
: twenty-four hours ;in others, though forecasts may be issued
b very little reliance can be placed upon them, simply because
the circumstances of the preceding changes indicate that the
atmosphere is in an exceptionally variable condition. It is
to be noticed, also, that when the skies are generally overcast
the chances of correct prediction are considerably diminished
for this reason, simply that the upper air-currents, which
have 2 most important influence in producing weather
changes, cannot at such times be studied, our only means
of determining their direction and rate consisting in the
observation of the movements taking place in the higher
cloud-regions. It is also a great assistance to the meteoro-
logist to know the nature of the higher clouds above different

Parts of the region where observations are made, for some of

the most important weather changes depend principally on the

temperature of the upper air-currents, and this can only be

Inferred from the appearance of the clouds which travel or

are formed in those higher regions.

So many of our weather changes travel from S.W. to
NE, or from some southerly or westerly towards some
northerly or easterly point, that the prediction of weather
changes in the British Isles is rendered much more difficult
than it would be if there were a number of available stations
towards the south-west instead of a wide extent of ocean,
from which only imperfect meteorological information can
reach us. Even in the most frequented seas ships are
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We may here consider those American predictions of
European weather which have been made during the last
few years with a fair degree of success. The first storm
vpredicted by the New York Herald arrived as threatened,

though not quite in the way expected, for instead of arriving
: from the south-west it came from the north. After that,
; other telegrams were received, which for the most part were
'+ jJustified by the event, though they have nearly all been
characterised by the same defects—they have been too
ague as to time, and they have given no means of determi-
¥ ming in what direction the gale, when it arrived, would
" blow. There are those, indeed, who deny that any storms
have really crossed the Atlantic as predicted, and consider
the apparent fulfilment of some among the predictions of the
New York Herald as merely accidental. Still, there can
be little doubt that the predictions are made in all good
faith, and are based on real evidence as to the condition of
the Atlantic. It would be interesting to know how these
forecasts are arrived at. As General Strachan has remarked,
‘Our American friends are not very willing to “ show their
hands,” as the saying is.” However, we may surmise how it
isdone. They have active agents who make extracts of the
logs of all the steamers directly they arrive in New York,
and by means of these extracts they can follow up all the
storms which occur in our parallels. Thus it may often
happen that information of storms is obtained by the
Herald before they have had time to reach Western
n Ewope. The Herald at once flashes the news by tele-
graph. We get the telegram surely and speedily, and the
Storm, if it does not vanish in due time, shortly afterwards.
It is singular and illustrates strikingly the way in which
Storms  travel usually from the south-west (though the
wind may first begin to blow from other quarters) that
we should thus receive news from America brought
thither by ships sailing towards the south-west or meet-
ing the storm. No ship sailing towards Europe ever
brings news of an approaching storm, for the storm
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stations in regions already occupied. They also recog-
nise now more clearly than of yore the necessity of care
in selecting stations—for weather-study, as distinguished
from climatology—where the conditions are such that the
indications are general, not peculiar to the place. ‘Geo-
graphical position and freedom from conditions which will
affect the character of the observations, especially of wind,
are here,’ says the Director of the Meteorological Office,
¢ of paramount importance. If an opportunity occurs of
obtaining a report from a new station which will give us
earlier and surer intimation of coming changes of weather,
we reject ruthlessly offers of observations from the most
ably-served observatory in the district, meaning in the
district already occupied. What we specially want at present,
however, for satisfactory weather prediction, is the establish-
ment of stations at a distance, so that rapidly-approaching
weather changes may be recognised before they are actually
upon us. In this connection we may call special attention
to the proposal of Count Wilczek and Lieutenant Weypfecht,
that a system of observatories should be established at
suitable points around the polar regions. They indicate, as
suitable parts of the northern hemisphere, the north coasts
of Spitzbergen and of Novaya Zemlya, the neighbourhood
of the North Cape, the Mouth of the Lena, New Siberia,
Point Barrow, on the North East of Behring Strait, the west
coast of Greenland and the east coast of Greenland in about
75 deg. north latitude. For the southern polar region
they name the neighbourhood of Cape Horn, Kerguelen,
or Macdonald Islands, and some one of the groups south
of the Auckland Islands. Mr. Scott points out that one
good station on Spitzbergen or Jan Mayen would be worth
as much as ten in Western Europe, and therefore it can
readily be understood that if the far-seeing scheme of Wilczek
and Weyprecht were carried out, a great advance would
before long be noted in the accuracy of weather forecasts,
and possibly a considerable increase in the range of time
over which our meteorologists could extend their predictions.



320 FAMILIAR SCIENCE STUDIES.

The possibility of foretelling weather for two days as satisfac-
torily as we can now make forecasts for one day, would give
far more than twofold value to the system of prediction.

We have hitherto said nothing on a subject which at the
present time is attracting more serious attention than the daily
forecasting of weather—the possibility, namely, of anticipating
the probable character of approaching seasons. Unfor-
tunately, we have but too good reason for saying little on
this subject, since there is little to be said, and nothing that
can be regarded as promising. We have lately passed
through (or rather we are now passing through) an altogether
exceptional period of cold and wet weather. If there ever
has been an occasion when approaching weather should
have afforded some evidence of its character it would seem
to have beenin the autumn of 1878, yet there was no
circumstance in the weather prevailing from Midsummer,
1878, until the beginning of November, which suggested
the approach of one of the longest and altogether the
bitterest spells of cold weather ever experienced in Western
Europe. So of the recent heavy and long-continued
rainfalls, and of those experienced in 1872, in the autumn of
1875, and last year. Nota sign was noted by meteorologists
of the approach of those plagues of water. Some have
told us that there are weather cycles corresponding with the
sun-spot period; but not the slightest connection can
be traced between the sun-spot changes and either our
temperature or our rainfall.  The heavy rainfall of 1875
occurred when spots were numerous, the deluges of 18738
and of the present year when spots were few or absent
altogether. The long continued cold of the year 1879
occurred when spots have been few, but among the
series of long cold spells (some even longer than the one
now in progress has yet lasted) some of the most remark-
able have occurred when spots were most numerous,
others when, as in 1879, spots were few, and others
in almost every part of the sun-spot cycle. Nor can
we form any opinion as to the probable duration of
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any spell of cold or of wet weather. We may say now—
what was said by Mr. Scott four years ago, but unfortunately
we may now say it with far more point, ‘as to the prediction
of weather’ for a long time in advance, ‘it has not been
shown to be feasible to forecast weather even for one short
week, except on the principle, which affords us scanty con-
solation, that weather when once established takes a long
time to change.” . . . ¢This does not mean that the chances
are in favour of the weather never changing, but are only
against its changing on a definite day, and increase with the
length of time the existing weather has lasted.’



322 FAMILIAR SCIENCE STUDIES.

SOME STRANGELY FULFILLED
DREAMS.

So far as can be judged by ordinary methods of interprets:
tion, it would seem that in the days when the history of
Joseph was written, and again in the time of Daniel, 10
doubt was entertained respecting the supernatural origin of
all dreams. Joseph's brothers, according to the narmative,
took it for granted that Joseph’s dreams indicated something
which was to happen in the future. Whether they questioned
the validity of his own interpretation is not altogether clear
They hated him after his first dream, and envied him we ar¢
told, after his second ; which shows they feared he might
be right in his interpretation ; but, on the other hand, they
conspired together to slay him, which suggests that they
entertained some doubts on the subject. In fact, we ar
expressly told that when they conspired against him, they
said, ¢ Behold, this dreamer cometh ; come now therefore,
and let us slay him,” and so forth, ‘and we shall see what
will become of his dreams.’ Jacob, moreover, though he had
‘observed’ Joseph'’s ¢ saying’ about the dream (after rebuking
him for telling the story), seems to have taken Joseph's
death for granted : ¢ Joseph is without doubt rent in pieces.
Possibly in those days, even as now, dreams were noticed
when they were fulfilled, and forgotten when, as it seemed,
they remained unfulfilled.
In like manner, when the butler and baker of Pharaoh
dreamed each man his dream in one night, they were sad
(that is, serious) the morning after: for they could not
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understand what the dreams meant. But Joseph said, ¢ Do

not interpretations belong to God ?’ Doubtless this was the

accepted belief in the days when the history of Joseph was

written. It is singular that the butler, though he forgot
Joseph till Pharaoh’s dreams reminded him of his fellow-

prisoner, seems to have associated the power of interpreting
the two dreams with the power of bringing about the events

supposed to be portended by the dreams. ¢ It came to pass,
as he interpreted to us, so it was; me he restored unto

mine office, him he hanged.” It is just thus that, in our own-
time, persons who believe in the claims of fortune-tellers to

predict the future, commonly believe also that fortune-tellers
can to some degree control the future also.

Pharaoh’s dreams were rather more fortunate to Joseph
than either his own or those of the chief butler and
baker. (It is noteworthy how the dreams of the story run
in pairs.) In fact, one might beled to surmise that he
inherited something of the ingenuity shown by his father’s
mother—referring to an arrangement, a year or two before
Joseph entered the world, in which his mother-showed to
no great advantage, according to modern ideas. Be thisas
it'may, it was certainly a clever thought of Joseph to sug-
gest that the unfavourable weather he had predicted might
be provided against by appointing a man discreet and wise
to look after the interests of Egypt. Whom was Pharaoh
likely to appoint but the person who had predicted the seven
bad harvests? Even so, in these our own times, another
Joseph told the British Pharaoh who lately ruled over
India that years of famine in India can be predicted, and
their effects prevented by appointing a man discreet and
wise to look after the interests of India. And it is curious
enough that this modern Jose¢ph seems to have turned his
thoughts to his ancient namesake, putting forward the idea
that the seven good years and the seven bad years were
years of many sun-spots, followed by years of few sun-spots.
Nay, so strangely do these coincidences sometimes run on
all-fours, that the younger Joseph has adopted the idea that

Y2
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the pyramids of Egypt (which were once thought to be
Joseph’s store-houses) were ¢ astronomical instruments.’
Now, it is certain, though this he has not noticed, that before
the upper half (in height) of the great pyramid was set on, the
great ascending gallery might have been used all the year
round for observing the sun at noon; and that by using a
dark screen at its uppermost or southern extremity, and
admitting the sun’s light only through a small opening in this
curtain, a large and well-defined image of the sun could have
been obtained without any telescope, an image showing
any large spots which might be present on the sun’s disc.
It would be a pleasant theory (and all the better suited for
association with the sun-spot-weather theory, in having no
valid evidence in its favour) to suggest that Joseph really
ascertained the approach of good and bad harvests by solar
observations. His advice was that the fifth part of the land
of Egypt should be taken up—that is, stored up—in the
seven plenteous years: but the Astronomer-Royal for
Scotland assures us that the numbers five and seven are
symbolised repeatedly in the great pyramid. Could anything
clearer be desired ?

But although I have been allowing fancy to lead me far
away from facts, I think it may safely be inferred from the
story of Pharaoh’s dreams that the prediction of good and
bad harvests was one of the qualities which the Pharachs
chicfly valued in their wise men, whether magi or astro-
logers.

The story of Nebuchadnezzar’s dream is still more sin-
gular. 1 suppose the usual service expected by the kings of
Babylon from their soothsayers included the interpretation
of all dreams which had left a strong impression on the
king's mind—dreams like the night visions of Eliphaz the
Temanite, bringing fear and trembling, making all the bones
to shake. It does not seem to have entered into the ordinary
course of their duties to tell the king first what he had
Treamed (when he had forgotten), and afterwards what the

=am might signify. Indeed, though it is not a very un-
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E’ gommon occurrence to forget a dream, yet a dream which

; has been forgotten does not generally leave a very strong

} impression, and therefore would not require interpretation,
It happened otherwise with Nebuchadnezzar. His spirit
Wwas troubled, and his sleep broke from him, because of his
dream, but what he had dreamt he could not remember,
His action hereupon was somewhat crazy : but we must re-
member there was madness in his blood. He told the
Chaldzeans, that ¢ if they would not make known to him his
dream and the interpretation thereof, they should be cut in
pieces, and their houses made a dunghill’ This was pre-
cisely the way, one would imagine, to cause them to invent
a3 dream for him (he could not have detected the truth very
well), and to have devised a suitable interpretation, pleasing
in the king’s eyes—which to persons of their ingenuity
should not have been very difficult.!

However, we must not further consider these more
ancient dreams, but turn at once to the examination of some
of those remarkable dreams of modern times which have
been regarded as showing that dreams are really sent in some
cases as forewarnings, or at any rate as foreshadowings of
real events. I propose to consider these narratives with
special reference to the theory that dreams which seem to
be fulfilled are fulfilled only by accident : so many dreams
occurring and so many events, that it would in fact be
stranger that no such fulfilments should be recognised than
that some among them should seem exceedingly striking.

There is one dream story which can hardly be explained
by the coincidence theory, if true in all its particulars. It
is related by Dr. Abercrombie as deserving of belief, though

1 A great deal in the art of dream-interpretation for the rich and
powerful must obviously have depended on ingenuity in making things
pleasant. Thus, when an Eastern potentate dreamt that all his teeth
fell out, and was told that he was to lose all his relatives, he slew the
indiscreet interpreter; but when another and a cleverer interpreter told
him the dream promised long life, and that he would survive all his
relatives, he made the man who thus pleasantly interpreted the omen
many rich and handsome presents,
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I must confess that for my own part I cannot but think the
actual facts must have undergone considerable modification
before the story reached its present form. Certainly the
case does not illustrate the occurrence of dreams, as a
warning, effective or otherwise according to circumstances,
for the dream happened simultaneously with the event to
which it was supposed to relate. The story runs as follows
(Dr. Abercrombie gives the story in a somewhat, but not
essentially, different form):

On the night of May 11, 1812, Mr. Williams, of Scorrior
House, near Redruth, in Cornwall, woke his wife, and in
great agitation told her of a strange dream he had just had.
He dreamt he was in the lobby of the House of Commons,
and saw a man shoot with a pistol a gentleman who had
just entered the lobby, who was said to be the Chancellor.
His wife told him not to trouble himself about the dream,
but to go to sleep again. He followed her advice, but pre-
sently woke her again, saying he had dreamt the same
drcam. Yet a third time was the dream repeated ; after
which he was so disturbed that, despite his wife’s entreaties
that he would trouble himself no more about the House of
Commions, but try to sleep quietly, he got up and dressed
himself. . This was between one and two o’clock in the
morning. At breakfast, Mr. Williams could talk of nothing
but the dream; and early the same morning he went to
Falmouth, where he told the dream to all of his acquaint-
ance whom he met. Next day, Mr. Tucker, of Trematon
Castle, accompanied by his wife, a daughter of Mr. Williams,
went to Scorrior House on a visit. Mr. Williams told Mr.
Tucker the circumstances of his dream. Mr, Tucker
remarked that it could only be in a dream that the Chan-
cellor would be found in the lobby of the House of Com-
mons. Mr. Tucker asked what sort of man the Chancellor
seemed to be, and Mr. Williams minutely described the
man who was murdered in his dream. Mr. Tucker replied,
¢ Your description is not at all that of the Chancellor, but is
very exactly that of Mr. Perceval, the Chancellor of the
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Txchequer.” He asked if Mr. Williams had ever scen Mr.

Perceval, and Mr. Williams replied that he had never seen

him or had any communication of any sort with him ; and

further, that he had never been in the House of Commons
in his life. At this moment they heard the sound of a horse
galloping to the door of the house ; immediately after a son
of Mr. Williams entered the room, and said that he had
glloped from Truro, having seen a gentleman there who
had come by that evening’s mail from town, who had been
in the lobby of the House of Commons on the evening of
the 11th, when a man called Bellingham had shot Mr.
Perceval. After the astonishment which this intelligence
created had a little subsided, Mr. Williams described most
minutely the appearance and dress of the man whom he
had seen in his dream fire the pistol at the Chancellor, as
also the appearance and dress of the Chancellor. About
six weeks after, Mr. Williams, having business in town, went
in company with a friend to the House of Commons, where,
as has been already observed, he had never before been.
Immediately that he came to the steps of the entrance of the
lobby, he said, ¢ This place is as distinctly within my recol-
lection, in my dream, as any room in my own house,’ and
hemade the same observation when he entered the lobby.
He then pointed out the exact spot where Bellingham stood
when he fired, and also that which Mr. Perceval had reached
vhen he was struck by the ball, where he fell. The dress
both of Mr. Perceval and Bellingham agreed with the
description given by Mr. Williams, even to the most minute
particulars.

So runs the story. Of course, like the ‘well-authenti-
ated’ ghost stories, this one is confirmed by a number of
particulars which are open to no other disadvantage than
that of depending, like the rest of the story, on the narrator
himself. It would be utterly absurd to base any theory
Rrspecting dreams on a story of this sort. The fact that on
the night in question Mr. Williams dreamt about a murdet
in the House of Commons depends on his own assertior
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coloured narratives from such persons. But even if we
accept the general theory that under certain conditions the
mind of a dying person may affect in some way the mind
of a person at a distance who is in some way in sympathy
with the moribund, we can hardly extend the theory to in-
clude strangers. It may not be utterly incredible, perhaps,
that some physical mode of communication exists by which
one brain may receive the same impressions which affect
another—though I must confess I cannot see my own way
to believe anything of the sort. But we can hardly imagine
that the brain of a sleeping person in no way connected
with a dying man could be affected by such brain-waves.
Every story of the kind, truthful or otherwise, has described
an impression produced on some dear friend or relative ; so
that we should be justified in thinking (if we believe these
stories at all) that brain-waves are especially intended for the
benefit of close friends or near of kin. It would be a new
and startling thing if any man might have a vision of any
other person who chanced to be dying ; and considering that
not a minute passes without several deaths, while there are
some 1,500 millions of living persons, scarcely a day might
be expected to pass without some one or other of the
multitudinous deaths of the day finding some one or other
brain among the 1,500 millions in the proper frame for
receiving the visionary communication by the brain-wave
method.

Nor is it easy to imagine a religiously supernatural inter-
pretation of the story. The dream was certainly notsentasa
warning, for when Williams dreamt his dream, Perceval was
either being murdered, or was already dead. The event could
produce no beneficial influence on mankind generally, or on
the English people specially, or the Cornish folk still more
specially. The number of persons who could be certain
that Mr, Williams was telling the truth (always on our
present assumption that this was the case) were very few—
in fact, only Mr. and Mrs. Williams, Mr. Tucker, and
perhaps one or two friends who remembered that the dctails
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of the murder were communicated before the news could
have reached Mr. Williams. One does not readily see how
Williams himself was to be beneficially influenced by his
remarkable experience. Most of those who heard the story
would sit in the seat of the scornful, and receive no benefit
but harm. The idea generally entertained, and most pro-
bably by Williams as well as the rest, would be simply this,
that if it was worth while to let a miraculous vision of
Perceval’s murder appear to anyone, it would have been
well to have let the vision appear before the event, and to
some one not living quite so far from town. Not, indeed,
that the warning might save Perceval ; for in reality it isa
bull of the broadest sort to imagine that a #rwe vision of a
murder can prevent the murder. But a warning dream
might serve useful purpose without preventing the event
it indicated. If a man dreamt that he was to die in a
week, and believed the dream, he would have no hope from
the advice of his doctor, or from any other precautions
he might make against death ; yet he would usefully employ
the week in arranging his affairs. But it could be of no
carthly use to Perceval, or anyone else, that a vision of his
death should appear in triplicate to some one down in
Cornwall on the very night when the tragedy occurred in
London.

I imagine that the true explanation of the story is some-
what on this wise ; Williams probably had three startling
dreams about a murder; told them to his wife in the way
related, and on the following morning to several friends.
News presently came of the murder of Perceval on the night
when Williams had had these dreams ; and gradually he
associated the events of his dreams with the circumstances
of the murder. When six weeks later he visited the scene
of the murder, he mistook his recollection of things told him
about Perceval, the lobby of the House of Commons, &c.,
for the recollection of things seen in his dreams. The story
actually related probably assumed form and substance after
Williams’s visit to London. In perfect good faith, he, his
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wife, and his friends may have given to the story the form

it finally assumed.  Of course, the explanation is rendered a
little easier if we suppose Mr. Williams and his wife were
notunwilling to colour their story a little. If a phonograph
could have received the first account of the dream as im-
Pparted to Mrs. Williams on the night of May 11, I fancy the
instrument might have repeated a tale somewhat unlike that
which adorns the ‘Royal Book of Dreams,’ and Dr.
Abercrombie’s treatise on the Intellectual Powers. But
without any intentional untruthfulness a story of this kind is
apt to undergo very noteworthy modifications,

Dr. Abercrombie himself vouches for the truth of the two

following stories, that is to say, he vouches for his belief in
both stories : ¢ A Scotch clergyman who lived near Edinburgh
dreamt one night, while on a visit in that town, that he saw a
fire,and one of his children in the midst of it. On awaking,
he instantly got up and returned home with the greatest
speed. He found his house on fire, and was just in time
to assist one of his children who in the alarm had been left
in a place of danger.” The second story runs as follows :—
Two sisters had been for some days attending a sick brother,
and one of them had borrowed a watch from a friend, her
own being underrepair. The sisters were sleeping together in
a room communicating with that of their brother, when the
elder awoke in a state of great agitation, and roused the other
to tell her that she had had a frightful dream. ¢I dreamt,’ she
said, ¢ that Mary’s watch stopped, and that when I told you
of the circumstance you replied, “ Much worse than that has
happened ; for 's breath has stopped also,”’ naming
their sick brother. The watch, however, was found to be
going correctly, and the brother was sleeping quietly. The
dream recurred the next night ; and on the following morning,
one of the sisters having occasion to seal a note, went to
get the watch from a writing-desk in which she had deposited
it, when she found it had stopped. She rushed into her
brother’s room in alarm, remembering the dream, and four”
that he had been suddenly seized with a fit of suffocatie
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her brother’s room, showed that she was weak-minded and
superstitious ; and we cannot expect exact statements of facts
from weak-minded and superstitious persons. If the story
were accepted as related, the case would differ altogether
from the former. We can understand that Providence might
interfere to warn a father of his child’s danger in time to save
the child ; but we can not reasonably believe that a double
dream should be specially sent to indicate that when a cer-
tain watch had stopped a certain man would be found dead.
Ifthe events happened as told the coincidence was strange,
but that is all. It seems to me altogether more probable, how-
ever, that the story was inexactly related to Dr. Abercrombie.
I have said that cases in which dreams are not fulfilled
are usually forgotten. Occasionally, however, such dreams
are preserved on account of some peculiarity in the circum-
stances, The following case, related by Abercrombie, is
almost as singular as if the dream warning had been fulfilled
by the event. A young man who was at an academy a hun-
dred miles from home, dreamt that he went to his father’s
house in the night, tried the front door, but found it locked ;
got in by a back door, and finding nobody out of bed, went
directly to the ‘bedroom of his parents. He then said to
his mother, whom he found awake, ¢ Mother, I am going a
long journey, and am come to bid you good-bye.’ On this
she answered, in much agitation, ¢ Oh, dear son, thou art
dead !’ He instantly awoke, and thought no more of his
dream, until a few days after he received a letter from his
father, inquiring very anxiously after his health, in conse-
quence of a frightful dream his mother had had on the same
night in which the dream now mentioned occurred to him.
She dreamt that she heard some one attempt to open the
front door, then go to the back door, and at last come into
her bedroom. She then saw it was her son, who came to
the side of her bed, and said, ¢ Mother, I am going a long
journey, and I am come to bid you good-bye,” on which she
exclaimed, ¢Oh, dear son, thou art dead !’ But nothing
unusual happened to either of the parties.
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um not sure) that I recognised the voice. Anyway, I knew
Lt was poor Mary's spirit. I was not at all afraid, butin a
great delight, so that I wept very much, and stretching out
my arms to it called it ‘dear.” At this I thought it rccoiled ;
and I felt immediately that, not being of my gross nature,
I ought not to have addressed it so familiarly. ¢ Forgive
me!’ I said, ¢ we poor living creatures are only able to ex-
Press ourselves by looks and words. I have used the word
most natural to oxr affections ; and you know my heart.” It
Wwas 50 full of compassion and sorrow for me—which I knew
spiritually, for, as I have said, I did not perceive its emotions
by its face—that it cut me to the heart ; and I said, sobbing,
‘Oh! give me some token that you have really visited me !’
‘ Form a wish,” it said. I thought, reasoning with myself, if
I form a selfish wish it will vanish, so I hastily discarded
Such hopes and anxieties of my own as came into my mind,
and said, ¢ Mrs. Hogarth is surrounded with great distresses’
~observe, I never thought of saying ¢ your mother,’ as to a
mortal creature—‘will you extricate her?’ ‘Ves”’ ¢And
her extrication is to be a certainty to me that this has really
happened ?’ ¢Yes.’ ‘But answer me one other question,’
I said, in an agony of entreaty lest it should leave me :
‘What is the true religion?’ As it paused a moment with-
out replying, I said ¢ Good God !’ in such an agony of haste,
lest it should go away, ‘you think, as I do, that the form of
religion does not so greatly matter, if we try to do good ?—
or, I said, observing that it still hesitated, and was moved
with the greatest compassion for me, ¢ perhaps the Roman
Catholic is the best? perhaps it makes one think of God
sftener, and believe in Him more steadily?’ ¢For you,’
said the spirit, full of such heavenly tenderness for me that
[ felt as if my heart would break—¢for yox, it is the best |’
Then I awoke with the tears running down my face, and
nyself in exactly the condition of the dream. It was just
jawn. I called up Kate, and repeated it three or four
imes over, that I might not unconsciously make it plainer
or stranger afterwards. It was exactly this, free from all
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by his manner, the Attorney-General took him up again.
€ Have you received any information, sir, not yet disclosed
tous?’ ¢No,’ answered the President, ‘but I have had a
dream. And I have now had the same dream three times.
Once on the night preceding the battle of Bull Run. Once
on the night preceding such another’ (naming a battle also
not favourable to the North). His chin sank on his breast
again, and he sat reflecting. ¢ Might one ask the nature of
this dream, sir?? said the Attorney-General. ¢ Well,’ replied
the President without lifting his head or changing his atti-
tude, ‘I am on a great broad rolling river—and I am in a
boat—and I drift 1—and I drift '—but this is not business,’
—suddenly raising his face, and looking round the table as
Mr. Stanton entered—*¢let us proceed to business, gentle-
men’” Mr. Stanton and the Attorney-General said, as they
walked on together, it would be curious to notice whether
anything ensued on this, and they agreed to notice. He
was shot that night.” Here the dream itself was not remark-
able; it was such a one as might readily be dreamed by a
man from the Western States who had been often on broad
rlling rivers. Nor was its recurrence remarkable. The
oteworthy point was the occurrence of this dream three
several times, and (as may be presumed from the effect
which the dream produced on its third recurrence) those
three times only, on the night preceding a great mis-
fotune for the cause of the North. However, there is
nothing in the story which cannot be attributed to merely
asual coincidence, though the coincidence was sufficiently
arious. As three years had elapsed from the time of
Lincoln’s death when Stanton told Dickens the story, it is
possible that the account may have been incorrect in some
details.

It is, indeed, in this way that probably most of the more
wonderful dream stories are to be explained. The tricks
played by the memory in such matters would be perfectl*
amazing if they were not so familiar. For instance, D
Carpenter states that a lady had frequently asserted th

%22
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she had seen a wable move at the command of a medium
when no one was near it. At length someone had sufficient
hardihood to challenge this assertion—made, it will be un-
derstood, in perfectly good iaith ; and to satisfy the doubter
of its truth, the lady turned to a note-book in which she had
described the arcumstances of the event at the time of its
occurrence. There she found it stated, not as her memory
had falsely told her, that no one was near the table, but that
the hands of six persons were touching it !

It is possible that in the following recent and certainly
most remarkable case of a fulfilled dream, the exact circum-
stances, had they been recorded, would have been found to
be not precisely those which the narrator believed them to be.

In the Daily Teegraph some months ago, in an
obituary notice of General Richard Taylor, son of a former
President of the United States (General Zachary Taylor),
and one of the Southern generals during the Civil War, the
following curious narrative was related :—

¢ On the morning of the day when the City and Suburban
Handicap was won by “ Aldrich,” a little-fancied outsider,
it so chanced that General Taylor travelled down to Epsom
in company with Lord Vivian, and heard from him that it
was his intention to back Lord Rosebery’s horse, because
he had dreamt that he saw the primrose and rose-hoops
borne to victory in the race which they were on their road
to witness. Acting upon this hint, General Taylor took
1,000 to 30 about “Aldrich,” and was not a little elated at the
success of what he justly called “a leap in the dark.” But
for theaccident which caused “ Lemnos,” another much-backed
candidate for the race, to fall at Tattenham Corner, there is
little probability that the dream of Lord Vivian would have
found the interpretation upon which General Taylor counted.’

The story probably came from one who had heard the
actual circumstances as related by Lord Vivian himself at
the time of their occurrence. ‘The narrator’s recollection of
what he had heard, and Lord Vivian’s recollection of the
event itself, may both have been to some degree defective.
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The Spectator made the following remarks ‘(very much to
the point, I think,) on this case :

¢ Lord Vivian’s letter adds very much to the inexplicable
element in the story. In the shapein which the Dasly Tele-
graph originally put it, there was nothing at all in the dream
but what it was quite reasonable for anyone to explain as a
somewhat remarkable coincidence between a dream of the
event and the event as it actually resulted, the best offered
being, however, a practical proof that the dream, as alleged,
had occurred, and had greatly influenced the mind of the
dreamer and one of his companions before the prediction
was fulfilled. But Lord Vivian’s testimony that, instead of
dreaming of “ Aldrich” asthe winner, the friend seen in his
dream had mentioned a horse whose name was utterly un-
known to him—at least, unknown to him in his waking state
—and of whose running he had no knowledge, and that the
name so dreamed of proved to have been the former name
of a horse actually in the race, supplies a very excellent
reason why he should have been sufficiently struck by his
dream to intend acting upon it, until he was discouraged by
hearing of the horse’s defeat by a hurdle-jumper, and why
General Richard Taylor insisted that if Lord Vivian did not
bet on ¢ Aldrich ” on his own account, he should still bet on
him on behalf of General Richard Taylor. In truth, Lord
Vivian has supplied the only really striking feature in the
story. Everybody would be disposed to explain it at once
as a case of coincidence, but for the bit of fresh knowledge
apparently supplied in the dream, and verified in fact before
the chief prediction of the dream had been tested. Now,
here we have exceedingly good evidence, not only of a suc-
cessful prediction of an unlikely event—for that is nothing,
and occurs every day—but of its prediction after a fashion
which appearstohave beenbeyond the scope of the dreamer’s
power. That he should have dreamt of the winning of
the race by a horse of name quite unknown to him would
of course have been nothing. But that after such a dream
a friend should have been able to point out a horse actually
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running in the race, to which the unknown name had actually
belonged, was clearly a practical verification of the informing
character of the dream, and makes the coincidence—if
coincidence it were—of the complete fulfilment of all the
important predictions of the dream, one far more extraordi-
nary than the fulfilment of any simple anticipation. Is
there any explanation possible of the really curious part of
the story, the discernmentthat a horse which had been called
¢ The Teacher ” was to run in the race, although Lord Vivian
could not recall ever having heard of such a horse, without
recourse to hypothesis of an unverified and as yet purely
conjectural kind ?’

The writer of the article in the Spectator proceeds to
offer such an explanation :—* Supposing Lord Vivian to
have really had something to do with the horse called *“ The
Teacher,” and to have been told in a moment of almost
complete inattention that it had been rechristened ¢ Aldrich,”
it is barely possible—we do not say it is at all likely—that
this association may have revived in sleep, without presenting
any of the appearance of a memory. In his waking hours,
his mind may have dwelt on Lord Rosebery as a coming
power on the Turf, and that may have turned his attention
to the name of Lord Rosebery’s horse. This name may,
in sleep, have revived the half-obliterated association of old
days, and the name of “ The Teacher ” may have come back.
And then the imposing character of this name may have sug-
gested a dream in which the dreamer was solemnly told that
“The Teacher” had won the race. Such, we say, is a pos-
sible, though not at all probable, explanation of this strange
dream, supposing it related with perfect accuracy. Certain
it is, that our memories are often so much transformed in our
sleeping state, that they hardly comport themselves as
memories at all, but rather as brand-new experiences, when
they are really due to the laws of association, though of
association so completely stripped of all its most familiar
elements as to look stranger than a totally new impression.’

Of course this explanation, even if accepted, gives no
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SUSPENDED ANIMATION.

SoME time since an article appeared in the Z7mes, quoted
from the Brisbane Courier (an Australian paper of good
credit), stating that one Signor Rotura had devised a plan
by which animals might be congealed for weeks or months
without being actually deprived of life, so that they might
be shipped from Australia for English ports as dead meat,
yet on their arrival here be restored to full life and activity.
Many regarded this account as intended to be received
seriously, though a few days later an article appeared, the
‘opening words of which implied that only persons from the
north of the Tweed should have taken the article a» grand
sérteux. Of course it was a hoax ; but it is worthy of notice
that the editor of the Brisbane Courier had really been mis-
led, as he admitted a few weeks later, with a candour which
did him credit.!

! Many fail to see a joke when it is gravely propounded in print,
who would at once recognise it as such, were it uttered verbally, with
however serious a countenance. Possibly this is due to the necessary
absence in the printed account of the indications by which we recog-
nise that a speaker is jesting—as a certain expression of countenance,
or a certain intonation of voice, by which the grave utterer of a spoken
jest conveys his real meaning. In a paper which recently appeared in
the Gentleman’s Magazine, Mr. Foster (Thomas of that ilk) propounded
very gravely the theory that our Nursery Rhymes have in reality had
their origin in Nature Myths. He explained, for instance, that the
thymes relating to Little Jack Horner were originally descriptive of
sunrise in winter : Little Jack is the sun in winter, the Christmas pie #
the cloud-covered sky ; the thumb represents the sun’s first ray pierci
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This wonderful discovery, however, besides being worth
publishing as a joke (though rather a mischievous one, as
will presently be shown), did good service also by eliciting
from a distinguished physician certain statements respecting
the possibility of suspending animation, which otherwise
might have remained for some time unpublished. I propose
here to consider these statements, and the strange possibili-
ties which some of them seem to suggest. In the first place,
however, it may be worth while to recall the chief state-
ments in the clever Australian story, as some of Dr. Richard-
son’s statements refer specially to that narrative. I shall
take the opportunity of indicating certain curious features
of resemblance between the Australian story, which really
had its origin in America (I am assured that it was pub-
lished a year earlier in a New York paper), and an American
hoax which acquired a wide celebrity some forty years ago,
the so-called Lunar Hoax. As it is certain that the two
stories came from different persons, the resemblance referred
to seems to suggest that the special mental qualities (defects
bien entendu) which cause some to take delight in such in-
ventions, are commonly associated with a characteristic
style of writing. If Buffon was right, indeed, in saying, Ze
style c'est de I'homme méme, we can readily understand that
clever hoaxers should thus have a style peculiar to them-
selves.

It can hardly be considered essential to the right com-
prehension of scientific experiments that a picturesque
account should be given of the place where the experiments
were made. The history of the wonderful Australian dis-
covery opens nevertheless as follows :—‘Many of the
readers of the Brisbane Courier who know Sydney Harbour

through the clouds ; and Jack’s rejoicing means the brightness of full

sunlight, So also the rhymes beginning Hey Diddle Diddle are shown

to be of deep and solemn import, all in manifest burlesque of some

recent extravagant interpretations of certain ancient stories by Goldziher,

Steinthal, and others. Yet this fun was seriously criticised by more
wn half the critics, by some approvingly, by some otherwise,
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will remember the long inlet opposite the heads known as
Middle Harbour, which, in a succession of land-locked
reaches, stretches away like a chain of lakes for over twenty
miles. On one of these reaches, made more than ordinarily
picturesque by the bold headlands that drop almost sheer
into the water, stand, on about an acre of grassy flat, fringed
by white beach on which the clear waters of the harbour
lap, two low brick buildings. Here, in perfect seclusion,
and with a careful avoidance of publicity, is being conducted
an experiment, the success of which, now established beyond
any doubt, must have a wider effect upon the future pro-
sperity of Australia than' any project ever contemplated.’
It was precisely in this tone that the author of the ¢ Lunar
Hoax’ ¥ opened his account of those ‘recent discoveries in
astronomy which will build an imperishable monument to
the age in which we live, and confer upon the present
generation of the human race a proud distinction through
all future time.” ¢It has been poetically said,” he remarks—
though probably he would have found some difficulty in
saying where or by whom this had been said,—¢that the
Stars of heaven are the hereditary regalia of man, as the
Intellectual sovereign of the animal creation ; he may now
fold the zodiac around him with a loftier consciousness of
his mental supremacy’ (a sublime idea, irresistibly sugges-
tive of the description which an American humourist gave
of a certain actor’s representation of the death of Richard
IIL, he wrapped the star-spangled banner around him, and
died like the son of a hoss”).

It next becomes necessary to describe the persons en-
8aged in pursuing the experiments by which the art of
freezing animals alive is to be attained. ¢The gentlemen
engaged in this enterprise are Signor Rotura, whose re-
searches into "the botany and natural history of South
America have rendered his name eminent ; and Mr. James
Grant, a pupil of the late Mr. Nicolle, so long associated |

! For a full account of this clever hoax the reader is referred to m
 Myths and Marvels of Astronomy.’
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continued until the application of another vegetable essence
caused the blood to resume its circulation and the heart its
functions. So perfect, moreover, was this suspension of life
that Signor Rotura had found in a warm climate decompo-
sition set in at the extremities after a week of this living
death, and he imagined that if the body in this inert state
were reduced to a temperature sufficiently low to arrest
decomposition, the trance might be kept up for months,
possibly for years. He frankly owned that he had never
tried this preserving of the tissues by cold, and could not
confidently speak as to its effect upon the after-restoration
of the animal operated on. Before he left Mr. Grant he
had turned that gentleman’s doubts into wondering curiosity
by experimenting on his dog.” The account of this experi-
ment I defer for a moment till I have shown how closely in
several respects this portion of the Australian hoax resembles
the corresponding part of the American story. It will be
observed that the great discovery is presented as simply a
very surprising development of a process which is strictly
within the limits, not only of what is possible, but of what
is known. So also in the case of the Lunar Hoax, the
amazing magnifying power by which living creatures in the
moon were said to have been rendered visible, was presented
as simply a very remarkable development of the familiar
properties of the telescope. In both cases, the circum.-
stances which in reality limit the possible extension of the
properties in question were kept conveniently concealed
from view. In both cases, doubts and difficulties were
urged with an apparent frankness intended to disarm sus-
picion. In both cases, also, the inventor of the new method
by which difficulties were to be overcome is represented as
in conference with a man of nearly equal skill, who urges
the doubts naturally suggested by the wonderful nature of
the promised achievements. In the Lunar Hoax, Sir John
Herschel and Sir David Brewster are thus represented in
conference. Herschel asks whether the difficulty arising
from deficient illumination may not be overcome by effecting






SUSPENDED ANIMATION. 351

where he begged he might be left till the following day,
when he promised to call at ten o’clock and revive the
apparently dead brute. Mr. Grant continually during that
day and night visited the cupboard, and so perfectly was life
suspended in his favourite—no motion of the pulse or heart
giving any indication of the possibility of revival—that he
confesses he felt all the sharpest reproaches of remorse at
having sacrificed a faithful friend to a doubtful and dan-
gerous experiment. The temperature of the body, too, in
the first four hours gradually lowered to 25 degrees Fahren-
heit below ordinary blood temperature, which increased his
fears as to the result ; and by morning the body was as cold
as in natural death. At ten o’clock next morning, according
to promise, Signor Rotura presented himself, and laughing
- at Mr. Grant’s fears, requested a tub of warm water to be
brought. He tested this with the thermometer at 32 degrees
Fahrenheit’ (which, being the temperature of freezing water,
can hardly be called warm), ‘and in this laid the dog, head
under.” In reply to Mr. Grant’s objections Signor Rotura
assured him that, as animation must remain entirely sus-
pended until the administration of the antidote, no water
could be drawn into the lungs, and that the immersion of
the body was simply to bring it again to a blood-heat.
After about ten minutes of this bath the body was taken
out, and another liquid injected in a puncture made in the
neck. “Mr. Grant tells me,’ proceeds the veracious narrator,
¢ that the revival of Turk was the most startling thing he
ever witnessed ; and having since seen the experiment made
upon a sheep, I can fully confirm his statement. The dog
first showed the return of life in the eye’ (winking, doubt-
less, at the joke), ‘and after five and a half minutes he
drew a long breath, and the rigidity left his limbs. Ina few
minutes more he commenced gently wagging his tail, and
then slowly got up, stretched himself, and trotted off as
though nothing had happened.’ From this moment Mr.
Grant had full faith in Signor Rotura’s discovery, and pro-
mised him all the assistance in his power. They next
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moted, because it is distinctly stated by Dr. Richardson
that none of the experiments described in this narrative,
aapocryphal though they may really be, can be regarded as
eyond the range of scientific possibilities :—¢ Arrived at
the works in Middle Harbour, I was taken into the build-
ang that contains Mr. Grant’s apparatus for generating cold.
- . .. Attached to this is the freezing chamber, a small,
dark room, about eight feet by ten. Here were eighteen
sheep, four lambs, and three pigs, stacked on their sides in
a heap, al/ive, which Mr. Grant told me had been in their
present position for nineteen days, and were to remain there
for another three months. Selecting one of the lambs,
Signor Rotura put it on his shoulder, and carried it outside
into the other building, where a number of shallow cemented
tanks were in the floor, having hot and cold water taps
to each tank, with a thermometer hanging alongside. One
- of these tanks are quickly filled, and its temperature tested
by the Signor, I meantime examining with the greatest
curiosity and wonder the nineteen-days-dead lamb. The
days of miracles truly seem to have come back to us, and
many of those stories discarded as absurdities seem to me
less improbable than this fact, witnessed by myself. There
was the lamb, to all appearance dead, and as hard almost
as a stone, the only difference perceptible to me between his
condition and actual death being the absence of dull glassi-
ness about the eye which still retained its brilliant transpar-
ency. Indeed, this brilliancy of the eye, which is height-
ened by the enlargement of the pupil, is very striking, and
lends a rather weird appearance to the bodies. The lamb
was gently dropped into the warm bath, and was allowed
to remain in it about twenty-three minutes, its head being
raised above the water twice for the introduction of the
thermometer into its mouth, and then it was taken out and
placed on its side on the tloor, Signor Rotura quickly divid-
ing the wool on its neck, and inserting the sharp point of
a small silver syringe under the skin and injecting the anti-
dote, This was a pale green liquid, and, as I believe, a
AA
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-account of the benefits likely to follow from the use of the
wonderful process for freezing animals alive. Cargoes of
Rive sheep can be readily sent from Australia to Europe.
-Any that cannot be restored to life will still be good meat ;
~while the rest can be turned to pasture or driven alive to
market. With bullocks the case would not be quite so
simple, because of their greater size and weight, which would
render them more difficult to handle with safety. The
carcass being rendered brittle by freezing, they are so much
the more liable to injury. ‘It sounded odd to hear Mr.
Grant and Signor Rotura laying stress upon the danger of
breakage in a long voyage.” This one can readily imagine.

Some of the remoter consequences of the discovery are
touched on by the narrator, though but lightly, as if he saw
the necessity of keeping his wonders within reasonable
limits. Signor Rotura, ¢ though he had never attempted his
experiment on a human being,’ which was considerate on
his part, ‘had no doubt at all as to its perfect safety.” He
had requested Sir Henry Parkes to allow him to operate on
the next felon under capital sentence. This, by the way,
was a compromising statement on our hoaxer’s part. It
requires very little aquaintance with our laws to know that
no one could allow a felon condemned to death to be ex-
perimented on in this or in any other manner. Such a man
is condemned to die, and to die without any preliminary
tortures, bodily or mental, other than those inseparable from
the legally adopted method of bringing death about. He
can neither be allowed to remain alive after an experiment,
and necessarily free (because he has not been condemned
to other punishment than the death penalty), nor can he be
first experimented upon and then hanged. So that that
single sentence in the narrative should have shown every
one that it was a hoax, even if the inherent absurdity of
many other parts of the story had not shown this very
clearly. As to whether a temporary suspension of the vital
faculties would affect the longevity of the patient, Signor

Rotura expressed himself somewhat doubtful ; he believed,
AA2 .
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also be absolutely dormant) would not have to do even that
slight amount of work which they accomplish during hiber- *
nation. Science can only say that the known cases of
hibernation among warm-blooded animals show that the
vital forces may be reduced much lower without destroying
life, than but for them we should have deemed conceivable.
But next let us consider what science has to say as to the
artificial suspension of vitality. In Dr. Richardson’s paper
on this subject there is much which seems almost as sur-
prising as anything in the Australian story. Indeed, he
seems scarcely to have felt assured that that story really was
a hoax. ‘The statements,” he says, ¢ which, under the head
of “A Wonderful Discovery,” are copied from the Brisbane
Courier, seem greatly to have astonished the reading public.
To what extent the statements are true or untrue it is im-
possible to say. The whole may be a cleverly-written fiction,
and certain of the words and names used seem, according to
some readers, to suggest that view ; but be this so or not, I
wish to indicate that some part at all events of what is
stated might be true, and is certainly within the range of
possibility.” ¢The discovery,” he proceeds, ¢ which is de-
scribed in the communication under notice, is not in principle
new ; on the subject of suspension of animation I have
myself been making experimental inquiries for twenty-five
years at least, and have communicated to the scientific world
many essays, lectures, and demonstrations, relating to it. I
have twice read papers bearing on this inquiry to the Royal
Society, once to the British Association for the Advancement
of Science, two or three times in my lectures on Experi-
mental and Practical Medicine, and published one in NVature.
In respect to the particular point of the preservation of
animal bodies for food, I dwelt on this topic in the lectures
delivered before the Society of Arts, in April and May of
last year (1878), explaining very definitely that the course of
research in the direction of preservation must ultimately
lead to a process by which we should keep the structures of
animals in a form of suspended molecular life.” In other
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-words, Dr. Richardson had indicated the possibility of doing
precisely that which would have constituted the chief value
of the Australian discovery, if this had been real.

Let us next consider what is known respecting the
possibility of suspending a conscious and active life. This
isfirst stated in general terms by Dr. Richardson as follows :
—<¢If an animal perfectly free from disease be subjected to
the action of some chemical agents or physical agencies
which have the property of reducing to the extremest limit
the motor forces of the body, the muscular irritability, and
the nervous stimulus to muscular action, and if the sus-
pension of the muscular irritability and of the nervous ex-
citation be made at once and equally, the body even of a
warm-blooded animal may be brought down to a condition
so closely resembling death, that the most careful examination
may fail to detect any signs of life.” This general statement
must be carefully studied if the reader desires thoroughly
to understand at once the power and the limits of the
power of science in this direction. The motor forces, the
muscular irritability, and the nervous stimulus to muscular
action, can be reduced to a certain extent without destroy-
ing life, but not absolutely without destroying life. The
reduction of the muscular irritability must be made at once
and equally ; if the muscular irritability is reduced to its low-
est limit while the nervous excitation remains unaltered, or is
less reduced, death ensues; and wice versd, if the nervous
excitation is reduced to its lowest limits while the muscular
irritability remains unaltered, or is little reduced, death
equally follows. Then itis to be noticed that though when
the state of seeming death is brought about, the most care-
ful examination may fail to detect any signs of life, it does
not follow that science may not find perfectly sure means of
detecting cases where life still exists but is at its very lowest.
Of course all the ordinary tests, in which so many place
complete reliance—a mirror placed close to the mouth, 7
finger on the pulse, hand or ear to the breast ! over the hea

3 Objection has been taken to the italicised words in the follow!
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and so forth—would be utterly inadequate, in such a case, to
reveal any signs of life. That doctors have been deceived
by cases of suspended vitality not artificially produced, but
presenting similar phenomena, is well known. A case in
point may not be out of place here, as illustrating well
certain features of suspended animation, and showing the
possibility that in some cases consciousness may remain, even
when the most careful examination detects no traces of life.
The case is described by Dr. Alexander Crichton, in his
¢ Inquiry into the Nature and Origin of Mental Derangement.’
¢ A young lady, who had seemed gradually to sink until she
died, had been placed in her coffin, careful scrutiny reveal-
ing no signs of vitality. On the day appointed for her
funeral, several hymns were sung before her door. She was
conscious of all that happened around her, and heard her
friends lamenting her death. She felt them put on the
dead-clothes, and lay her in the coffin, which produced an

passage from ¢ No Thoroughfare ’ (one of the parts certainly written by
Dickens and not by Wilkie Collins) : ¢ The cry came up: ¢ His heart
still beats against mine. I warm him in my arms. I have cast off the
rope, for the ice melts under us, and the rope would separate me from
him; but I am not afraid.” . . . . The cry came up, *“We are sinking
lower, but his heart still beats against mine.” . . . . The cry came up,
‘“ We are sinking still, and we are deadly cold. His keart no longer
beats against mine. Let no one come down to add to our weight.
Lower the rope only.” . . . . The cry came up with a deathly silence,
¢ Raise ! softly!” . . . . She broke from them all and sank over him
on his litter, with both her loving hands upon tke keart that stood still.
It has been supposed that Dickens wilfully departed here from truth, in
order to leave the impression on the reader that Vendale was assuredly
dead. That he wished to convey this impression is obvious. He often
showed similar care to remove, if possible, all hope fiom the anxious
reader’s mind (markedly so in his latest and unfinished work, where
nevertheless any one well acquainted with Dickens’s manner knows not
only that Drood is alive, but that disguised as Datchery he was to have
watched Jasper to the end). But in reality, it has happened more than
once that persons have been restored to life who have been found in
snow-drifts not merely reduced to complete insensibility, but without
any recognisable heart-beat. Dickens had probably heard of such cases
when in Switzerland.
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indescribable mental anxiety. She tried to cry but her mind
was without power, and could not act on the body. It was
equally impossible to her to stretch out her arms or to open
her eyes or to cry, although she continually endeavoured to
do so. The internal anguish of her mind was, however, at
its utmost height when the funeral hymns began to be sung
and when the lid of the coffin was about to be nailed on.
The thought that she was to be buried alive was the first one
which gave activity to her mind, and caused it to operate on
her corporeal frame. Just as the people were about to nail
on the lid, a kind of perspiration was observed to appear on
the surface of the body. It grew greater every moment,
and at last a kind of convulsive motion was observed in the
hands and feet of the corpse. A few minutes after, during
which fresh signs of returning life appeared, she at once
opened her eyes, and uttered a most pitiable shriek.’” In
this case it was considered that the state of trance had been
brought about by the excessive contractile action of the
nervous centres, St. Augustine, by the way, remarks in his
‘De Civitate Dei’ on the case of a certain priest called
Restitutus (appropriately enough), who could when he
wished withdraw himself from life in such sort that he did
not feel when twitched or stung, but might even be burned
without suffering pain except afterwards from the wound so
produced. Not only did he not struggle or even move, but
like a dead person he did not breathe, yet afterwards he
said that he could hear the voices of those around him
(if they spoke loudly) as if from a great distance (de
longinguo).

To return, however, to Dr. Richardson’s discussion of
the artificial suspension of active life.

He recognises three degrees of muscular irritability, to
which he has given the names of active efficient, passive
efficient, and negative,—though doubtless he would recog-
nise the probability that the line separating the first from the
second may not always be easily traced, and that, though
there is a most definite distinction between the second and
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ing circumstances, the whole of the phenomena of the ac- -
tive efficient stage may be perfectly resumed, the heart sud-
denly enlarging in volume from its filling with blood, and
reanimating the whole organism by the force of its renewed
stroke in full tension. So far as we have yet proceeded,’
continues Dr. Richardson, ¢the whole phenomena of restora-
tion from death are accomplished during this stage,’ meaning,
it would seem, that in all instances of restoration the restor-
ation has been from the second, never from the third stage.
¢ To those who are not accustomed to see them they are no
doubt very wonderful, looking like veritable restorations from
death. They surprise even medical men the first time they
are witnessed by them.” He gives an interesting illustration.
At a meeting of the British Medical Association at Leeds,
¢ a member of the Association was showing to a large audience
the action of nitrous oxide gas, using a rabbit as the subject
of his demonstration. The animal was removed from the
narcotising chamber a little too late, for it had ceased to
breathe, and it was placed on the table to all appearance
dead.” ‘At this stage,’ he proceeds, ‘I went to the table,
and by use of a small pair of double-acting bellows restored
respiration. In about four minutes there was revival of
active irritability in the abdominal muscles, and two minutes
later the animal leaped again into life, as if it had merely
been asleep. There was nothing remarkable in the fact ; but
it excited, even in so cultivated an audience as was then
present, the liveliest surprise.’

But when we learn the condition necessary that a body
which has once been reduced to the state of passive effici-
ency should be restored to active life, we recognise that
even when science has learned how to reduce vitality to a
minimum without destroying it, few will care to risk the
process, either in their own persons or in the case of those
dear to them. Besides the condition already indicated, that
the muscular irritability and the nervous excitation must be
simultaneously and equally reduced, it is essential that the
blood, the muscular fluid, and the nervous fluid should all
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into the petrous state, the animal could not have been dead
before restoration was attempted ; for the dead cannot die
again. Albeit, the outlook is not encouraging, at any rate
so far as the use of cold alone for maintaining suspended
animation in full-grown warm-blooded animals is concerned.
Cold will, however, for a long time maintain ready for motion
active organs locally subject to it. Even after death this
effect of cold ¢may be locally demonstrated,’ Dr. Richardson
tells us, ‘and has sometimes been so demonstrated to the
wonder of the world’ ¢For instance, on January 17, in
the year 1803, Aldini, the nephew of Galvani, created the
greatest astonishment in London by a series of experiments
which he conducted on a malefactor, twenty-six years old,
named John Foster, who was executed at Newgate, and
whose body, an hour after execution, was delivered over to
Mr. Keate, Master of the College of Surgeons, for research.
The body had been exposed for an hour to an atmosphere
two degrees below freezing point,! and from that cause,
though Aldini does not seem to have recognised the fact,
the voluntary muscles retained their irritability to such a
degree that when Aldini began to pass voltaic currents
through the body, some of the bystanders seem to have
concluded that the unfortunate malefactor had come again
to life. It is significant also that Aldini in his report says
that his object was not to produce reanimation, but to ob-
tain a practical knowledge how far galvanism might be
employed as an auxiliary to recover persons who were
accidently suffocated, as though he himself were in some

! Dr, Richardson will certainly excite the contempt of the northern
professor who rebuked me recently for speaking of heat when I should
have said temperature. ¢An atmosphere two degrees below freezing-
point’ is an expression as inadmissible, if we must be punctilious in
such matters, as the expressions ¢ blood heat,’ ¢a heat of ten degrees,’
and so forth. Possibly, however, it is not desirable to be punctilious
when there is no possibility of being misunderstood, especially as it may
be noticed (the Edinburgh professor has often afforded striking illustra-
tions of the fact by errors of his own) that too great an effort to be '
punctilious often results in very remarkable incorrectness of expression
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sessed properties resembling those of chloral hydrate. That
it must have been an effective narcotic is shown by the cir-
cumstance that painful operations were performed on
patients subjected to its influence, without their suffering
the least pain, or even feeling. The sleep thus produced
lasted several hours. Dr. Richardson considers that the
use of this agent was probably continued until the twelfth
or thirteenth century. ¢ From the use of it doubtless came,’
he says, ¢ the Shaksperean legend of Juliet” He strangely
omits to notice that Shakspeare elsewhere speaks of this
narcotic by name, where Iago says of Othello :
¢ Not poppy, nor mandragora,
Nor all the drowsy syrups of the world,

Shall ever med’cine thee to that sweet sleep
Which thou own’dst yesterday.’

Probably the use of mandragora as a narcotic may have
continued much later than the thirteenth century. In
earlier times it was certainly used as opium is now used,
not for medicinal purposes, but to produce for a while an
agreeable sensation of dreamy drowsiness. ¢There were
those,’ says Dr. Richardson, in an interesting article on
Narcotics in the Contemporary Review, ‘who drank of
it for taste or pleasure, and who were spoken of as ¢man-
dragorites,” as we might speak of “alcoholists” or “chloral-
ists.” They passed into the land of sleep and dream, and
waking up in scare and alarm were the screaming man-
drakes of an ancient civilisation” He has himself made
the ‘ morion’ of the ancients, dispensing the prescription
of Dioscorides and Pliny. ¢The same chemist, Mr. Han-
bury,” he says, ‘who first put chloral into my hands for
experiment, also procured for me the root of the true man-
dragora. From that root I made the morion, tested it on
myself, tried its effects, and re-proved, after a lapse perhaps
of four or five centuries, that it had all the properties
originally ascribed to it.’

The ¢deadly nightshade’ has similar properties. (In
fact, morion was originally made from the A#ropa belladonna,
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ceive even the elect. Dr. Richardson states that at the
meeting of the British Association at Exeter, some pigeons
which had been put to sleep by the needle injection of a
large dose of chloral, ¢fell into such complete resemblance
of death that they passed for dead among an audience con-
taining many physiologists and other men of science. For
my own part,’ he proceeds, ‘I could detect no sign of life
in them, and they were laid in one of the out-offices of the
museum of the infirmary as dead. In this condition they
were left late at night, but in the following morning they
were found alive, and as well as if nothing hurtful had hap-
pended to them.” Similar effects seem to be produced by
the deadly poisons cyanogen gas and hydrocyanic acid,
though in the following case, narrated by Dr. Richardson,
the animal experimented upon (not with the idea of even-
tually restoring it to life) belonged to a race so specially
tenacious of life that some may consider only one of its pro-
verbial nine lives to have been affected. In the laboratory
of a large drug establishment a cat, ¢ by request of its owner,
was killed, as was assumed, instantaneously and painlessly
by a large dose of Scheele’s acid. The animal appeared to
die without a pang, and, presenting every appearance of
death, was laid in a sink to be removed on the next morn-
ing. At night the animal was lying still in form of death in
the tank beneath a tap. In the morning it was found alive
and well, but with the fur wet from the dropping of water
from the tap.’ This fact was communicated to Dr. Richard-
son by an eminent chemist under whose direct observation
it occurred, in corroboration of an observation of his own
similar in character.

Our old friend alcohol (if friend it can be called) pos-
sesses the power of suspending active vitality without
destroying life, or at any rate without depriving the muscles
of their excitability. Dr. Richardson records the case of a
drunken man who, while on the ice at the ‘Welsh Harp’
lake, fell into the water through an opening in the ice, and

was for more than fifteen minutes completely immersed.
BB2
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is careful to note the weak points of the Australian story—
viz., first, the statement that the method used is a secret,
‘for men of true science know no such word ;’ secondly,
that the experimenter has himself to go to America to pro-
cure more supplies of his agents ; and, thirdly, that he
requires two agents, one of which is an antidote to the
other. As respects this third point, he asks very pertinently
how an antidote can be absorbed and enter into the circula-
tion in a body practically dead.

It is, of course, now well known that the whole story
was a hoax, and a mischievous one. Several Australian
farmers travelled long distances to Sydney to make inquiries
about a method which promised such important results, only
to find that there was not a particle of truth in the story.
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OUR ASTRONOMERS ROYAL.

IN the sixteenth century men began to travel boldly across
the ocean, whole fleets taking such journeys as until then
had been undertaken now and then by some daring sea
captain. It was early in August 1492 that Columbus had
set sail, in a ship of not quite a hundred tons burden, across
the wide Atlantic, and seventy days later, on Friday,
October 12, 1492, he sighted an island of the Bahama group
(most probably Cat Island, though some maintain the
claims of Turks’ Island), and supposing he had reached
the Indies by a westerly route, gave to the insular region
the name it still bears—the West Indies, Inexact measure-
ments of the earth’s globe, and imperfect means of determin-
ing his westerly range of travel, led to this utter miscon-
ception of the true position on the earth of the region to
which his daring expedition had led him. So far as such
occasional journeys were concerned, men might have con-
tinued to remain content with their imperfect astronomical
knowledge. But when in the course of a few decades
navigation extended, it became essential that seamen should
have some means of determining their position on the ocean:
Yet years passed, and though every sea captain could on
any clear day or night determine with sufficient accuracy
his latitude, or distance from the equator, no means had
been devised for determining even roughly the longitude
or the distance east or west from any given point on the
earth from which (as from Greenwich, Paris, or Washington
in our own time) longitude may be measured,
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The nature of the difficulty which in the sixteenth
century, and still more in the seventeenth, exercised astro-
nomers and seamen may be readily indicated. Imagine a
captain in the open ocean without any knowledge of his
position, but with instruments for determining the apparent
positions of the heavenly bodies in the sky. Then on the
first clear night he can observe the elevation of the pole
star, and though the pole star is not actually at the pole of
the heavens, the observation will give him a rough indication
of his latitude. For the pole of the heavens is the point
towards which the axis of the earth points, and it is easily
seen that the nearer a place is on the equator (the great
circle lying exactly midway between the ends of that axis)
the nearer the visible pole of the heavens will be to the
horizon. An observer who should pass uniformly from the
equator to either pole of the earth, would find the pole of
the heavens passing as uniformly from the horizon! to the
point overhead. Its arc distance from the horizon would
all the time exactly correspond to his arc distances from the
equator. So that if the pole star were exactly at the pole of
the heavens, an observer, by determining its apparent height,
would at once determine his latitude, or distance from the
equator. And though the pole star does not occupy that
precise position, yet it moves only in a small circle around the
true pole, and by noting it either when just above or just
below the pole, or when exactly to the right or exactly to the
left of the pole, the true position of the pole itself becomes
known, simply because the distance of the pole star from
the pole is known. In the southern seas, where there is
no star very near the pole, the case is not so simple, but
even there any star circling at a known distance around the
pole would give the southerly latitude. But as a matter of
fact the sun is usually observed for the latitude. For his
distance north or south of the equator on any given day of

! T take no account here.of the effects of the refractive or bending
action of our own air on the rays of light from a star, but suppose the
observation corrected for refraction as it is technically expressed,
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between these two elevations is the same all the time. If
A could telegraph to B, and wice versd, either would give
the other at any time the same news about the position
of their respective poles. But if two observers, C and
D, were in the same latitude and at stations far apart in
longitude, say C far to the east of D, though C and D at
any given moment would have the stellar groups very differ-
ently arranged with respect to the horizon, yet the aspect
seen by C at any given moment would be shown to D after
a certain definite time interval had elapsed. It would be
impossible for either C or D to tell how far east or west
their respective positions were from Greenwich or other fixed
point on the earth, or how far east C was from D, by mere
observations of the heavenly bodies however carefully such
observations might be made (apart always from those exact
observations of the lunar movements to which I have referred
above). But if C could telegraph to D describing the exact
aspect of his skyscape at any moment, then D, by waiting till
his skyscape presented the same aspect, could tell exactly how
far west ! he wasfrom C. If, for instance, a quarter of a day
elapsed, D would know he was a quarter of the way round
the earth west (measuring along their common circle of lati-
tude, or along the equator from the point due south of C to
the point due south of D), or perhaps I shall be better under-
stood by saying that in this case a quarter rotation of the earth
round her axis has carried D’s place to the position before
occupied by C. Or, if D had a clock showing true time at
C’s station, and so knew the precise epoch when the heavens
seen by C would have such and such an aspect, he would,
by noting how much later bis own skies assumed that as-
pect, become aware how far west his position was from C’s.
But if his timepiece had gone wrong, he would be pro fanto
mistaken. Such a mistake to a captain at sea might mean
that a coast which he supposed to be far to the west or €

! The earth rotates of course from west to east, and so causé
the heavenly bodies to apparently rotate from east to west,
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and the true position of every coast line, nay, even of every
rock and reef, accurately determined, as well as all changes
which such coast lines, islands, rocks, reefs, &c., may under-
g0, so would navigation be unsafe unless the celestial globe,
within which as it were the earth is suspended, had been
carefully surveyed, and the true position of every star, the
exact paths along which sun, moon, and planets travel, all
accurately determined. And in passing it may be noticed
that the work of a national observatory (where alone such
survey of the heavens can be conducted) bears somewhat
the same relation to the higher astronomical research, that
the trigonometrical and topographical survey of the earth’s
surface bears to the profounder studies of the geologist, the
biologist, and the paleontologist.
Yet it was not till the year 1674 that any definite scheme
-for systematic survey of the heavens, in the interests of
navigation and commerce, was planned in this country. It
had been pointed out by a Frenchman, Le Sieur de St.
Pierre, that if the motion of the moon as supposed to be
seen from the earth’s centre could be accurately predicted,
then a seaman who should at any moment observe the exact
position of the moon in the heavens, would know the precise
instant of terrestrial time (say the true London time) at that
moment. Thence, as the difference of longitude between
two stations is measurable by the difference of time! between
‘those stations, the latitude of the ship could be exactly
determined. Charles II., to whom the plan was proposed
by Le Sieur de St. Pierre, referred it to a commission of
officers and scientific men. One of these, Sir Jonas Moore,

1 That is, the difference between the time of noon, or of the coming
to the south of any known fixed star, at those two stations. It should
not be necessary to explain this, because the words ¢ difference of time ’
can bear no other interpretation, seeing that it is the same moment of
absolute time at any instant all over the world and throughout the uni-
verse. Yet repeatedly I have been asked what astronomers can mean
by the time being different at different stations. A rough way of ex-
pressing their meaning is by saying that the time of day is different af
different stations,
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have executed the observations which this observer made,
though men inferior to either might have executed those
observations as well as Flamsteed or better. But certainly
no one could have done Newton’s work had he neglected
it for the routine work at Greenwich. Yet we must not
forget that without the systematic observations of Flamsteed,
Newton would never have been able to place the theory of
the universe on that firm basis whereon he established it in
his ¢ Principia.’ -The architect, however great his genius,
cannot complete his conceptions without the aid of the
builder, any more than the builder can erect an edifice with-
out the materials necessary for his work.

Flamsteed laboured at Greenwich under difficulties such
as none of his successors have had to encounter. His
salary, as already mentioned, was but one hundred pounds
per annum, and even this pittance was often ill-paid. He
had to buy or make his own instruments. To defray the
expenses he thus incurred, he was obliged to take pupils.
At first he observed with a sextant belonging to Sir Jonas
Moore, who also lent him two clocks; some other instru-
ments were lent him by the Royal Society. The sextant
was of iron and seven feet in radius. The clocks were con-
structed by Tompion, the most celebrated clockmaker of his
day. The pendulums were thirteen feet long, and swung a
complete or double vibration in four seconds, that is,
beat two second, so that their length was four times the
length of a pendulum beating seconds, or about thirteen
feet. They were so constructed that they required winding
only once a year. Flamsteed also brought with him from
Derby to Greenwich a quadrant three feet in diameter.
With these instruments, strangely in contrast with those now
in use, Flamsteed began his labours at Greenwich on
October 29, 1676.

I need hardly say that I do not here propose to g
any detailed account either of the methods followed
Flamsteed and his successors, or of the instruments !
employed in their work. But it may be interesting to n«
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respects uniformity of procedure and of result, will be mani-
fest to all. There are other not less important advantages
which only the mathematician can fully appreciate.
Flamsteed retained the office of Astronomical Observator
to the end of his life, which occurred on the last day of the
year 1719. His first observation was made on October 29,
1676, but it was not until September 11, 1689, that he
began regular observations of stars on the meridian with a
mural arc, an instrument so constructed as to swing on the
face of a vertical north and south wall (whence its name),
and with a sweep of one hundred and forty degrees on the
meridian.
The forty-three years of Flamsteed’s tenure of the office
did not pass without some unseemly quarrels, chiefly caused
by the impatience with which contemporary astronomers
awaited the publication of his results. We find him, in
October 1700, writing thus to Dr. Smith, of Oxford :—
¢ Briefly, sir, I am ready to put the observations into the
press as soon as they that are concerned shall afford me
assistants to copy them and finish the calculations. But if
none be afforded, both they and I must sit down contented,
till I can finish them with such hands as I have ; when I
doubt not but to publish them, as they ought to be, hand-
somely and in good order, and to satisfy the world, whilst
I have been barbarously traduced by base and silly people,
that I have spent my time much better than I should have
done if, to satisfy them, I had published anything sooner
and imperfect g
The impatience of his contemporaries, however, caused
him to depart from the course on which he had thus deter-
mined. He drew an estimate of the extent of the work
which had to be prepared for the press. This estimate was

cisely on the meridian, a long arc of which it commanded ; while many
of the details of this gallery are such as an astronomer intending it for
the purpose indicated would have been certain to give to it, and sv’
as on any other hypothesis appear to be without reasonable inter)
tation,
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putable, for while on the one hand it serves to prevent the
application of the resources of the Observatory to any un-
warrantable purposes, on the other it has the effect of period-
ically relieving the conscientious astronomer from the
responsibility attaching to the discharge of his onerous
duties, and thereby operates as an encouragement of future
exertion. It is gratifying to reflect that during the last
hundred years, at least, it is only in the latter respect that
the advantages resulting from the establishment of the
Board of Visitors have been apparent.’ !

In the spring of 1711 Flamsteed’s observations were
published in a folio volume. The incomplete catalogue of
stars which Flamsteed had placed in the hands of the com-
mittee in 1704 appeared in this volume, notwithstanding
his alleged stipulation that it should be regarded only as a
pledge for his subsequent delivery of a complete catalogue
into their hands. But there is no room for doubt that even
if the stipulation were made as alleged, it was not binding
under the circumstances. Had the complete catalogue
been placed in the printer’s hands in reasonable time, there
would undoubtedly have been no excuse for the issue of
the incomplete one ; but year after year had passed without
any fulfilment of Flamsteed’s agreement to complete the
catalogue, and the course pursued by the Committee was
the only one left open to them. If Flamsteed’s stipulation
could’ be regarded as under any and all conditions closing

1 At the accession of William IV. a new warrant was issued, by
which the constitution of the Board of Visitors was to some degree
modified. The Royal Astronomical Society had then recently been
formed, and received its charter at that time. As the new society was
formed specially for the advancement of astronomy, whereas the Royal
Society took all science (and more) as its province, and so might have
for its president a man very slightly acquainted with astronomy, it was
fitting that a share, at least in the supervision of the national Astro-
nomical Observatory, should be assigned to the Society specially de-
voted to astronomy. Accordingly the two Societies—the Royal and
the Astronomical—are, according to the new warrant, represented
equally in the Board of Visitors.
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was thus enabled to establish the fundamental points of
practical astronomy upon a new basis, and to rear a super-
structure which, for many years afterwards, served as a land-
mark of vast importance to astronomers. . . . As first
astronomer of the Royal Observatory of Greenwich, he set
an example to his successors the beneficial influence of
which cannot for a moment be doubted ; nor while that
noble establishment continues to maintain its proud pre-
eminence [high position ?] among the institutions devoted to
practical astronomy, will the labours of its original director,
prosecuted with such unwearied perseverance throughout a
long career, despite the depressing influence of constitu-
tional ill-health [and the unrelenting hostility of a powerful
faction!], cease to be held in respectful remembrance by
his countrymen.’

Flamsteed was succeeded by Halley. But as all Flam-
steed’s instruments were removed from Greenwich, no
observations could be made till 1721. On October 1 in that
year Halley made his first observation with a transit instru-
ment said to have been made by Dr. Hooke.

A greater astronomer than Flamsteed, perhaps inferior
only to Sir Isaac Newton (certainly inferior only to him
among the English astronomers of his day), Halley was by
no means so skilful in the practical work of a sky-surveying
observatory. In the first place, Halley was in his sixty-fourth
year when he accepted the appointment. As Professor
Grant remarks, it is surprising, when we consider his age,
¢ that he should have undertaken the discharge of duties of

! This was written at a time when it was supposed that the attack
made by Mr. Baily on Newton and Halley represented the true state
of the case instead of being a mere ex parte statement. 1 believe the
view I have expressed in my sketch of Flamsteed’s life, in the Erncyclo-
pedia Britannica, is sound—viz., that the necessity for publishing Sir
David Brewster’s refutation was scarcely a less misfortune for science
than was the original and. most foolish blunder of Baily’s in publishing
his ill-considered attack. Scientific squabbles are degrading enoug
when they occur without being raked up a century afterwards.

ccz
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belonged to.the field of his labours as a practical observer.
His discovery of the aberration of light was indeed made
before he accepted the situation of Astronomical Observator
at Greenwich ; but in the prosecution of the observations
which led to that discovery he was fitting himself for the
position he afterwards held. His more difficult and less
striking, but in reality more important,! discovery of the nuta-
tion of the earth’s axis was made while he was at Greenwich.

It will serve to indicate the general character of the work
at Greenwich, as well as to show what progress practical
astronomy was making, to consider—but we must do so very
briefly—the nature of these discoveries.

For guidance in navigation and travelling generally, as
well as in the measurement of time for civil and other pur-
poses, the stars and other heavenly bodies are regarded by
the astronomer as sky marks, whose observed direction gives
certain information as to position or as to time. But that
the information should be trustworthy, the causes which may
lead to erroneous ideas as to a heavenly body’s direction
must be understood and their effects corrected. Speaking
generally, it may be stated that, in the first place, #of a
single star visible in the sky at any moment is really where
it seems lo be ; and in the second, every star’s position on the
star vault is constantly, though slowly, changing. As it is

~ the specific office of an Astronomical Observator to learn
precisely where the heavenly bodies are, he must manifestly
find out all the circumstances which might cause him to be
deceived. Some of the sources of error are sufficiently ob-
vious. A rough instrument, such as an ingenious schoolboy
could construct in an hour or two, would suffice to indicate
the deceptive effect of our own air, whose refractive action
on rays of light causes every star to appear somewhat higher
in the heavens than it really is. Other sources of error are
less easily ascertained. Again, though the reeling of the
earth like a gigantic top, under the attractions of the sun and

! More important in its bearing on physical astronomy, though less
important as regards practical observation.
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constant, this reeling would be uniform ; but as the moon’s
path round the earth varies in position (in inclination, shape,
&c.), the disturbing action varies, and thus the reeling
varies in rate, and the slope of the reeling earth’s axis varies
also, or the axis of the reeling earth may be said to quiver.
In reality there is a small and relatively rapid reeling super-
added to the great slow reeling. The axial slope of the
small reel—so to describe what corresponds to the inclina-
tion of a reeling top’s axis to the vertical, amounts only to
about .g} seconds, and each reel is accomplished in about
18} years, whereas the slope of the great precessional reel
amounts to about 234 degrees, and-each reel requires about
25,900 years. Thus the pole of the heavens revolves in
25,900 years in a great circle 47 degrees in diameter, while
it also revolves around the mean position due to this pre-
cessional reeling in a circle—really an oval—18} seconds
in diameter, in a period of about 18} years. All the stars
are affected, so far as their position with respect to the poles
is concerned, by these motions. The nutation thus intro-
duces a correction of all stellar positions, which must be
taken into account in all observations of the stars.

I have considered these discoveries by Bradley because,
as I have said, they are the most important of all the dis-
coveries (almost the only importint discoveries) made by
astronomers carrying out the systematic work of practical
observation, in other words attending to the business which
‘they are paid to do.

Bradley's last observation at Greenwich was made on
July 16, 1762. He was succeeded by Dr. Bliss, Savilian
Professor of Geometry at Oxford, who had few of the
qualifications necessary for the office of Astronomical Obser-
vator. He died early in 1765, his last observation having
been made on March 15 in that year,

Bliss was succeeded by Maskelyne, whose first observa-
tion was made on May 7, 1765. He used the same instru-
ments as Bradley, but he adopted a system better calculated
to lead to trustworthy and valuable results. He limited his
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have rightly apprehended that the office is one requiring
special training, as well as original aptitude and capacity,
have in many cases failed to note that such special training
as observers in any great observatory may obtain, though
fitting them for the charge of ordinary observatories, may
not by any means fit them to take charge of a great national
observatory.

. It must not be supposed that I make these remarks in
depreciation of any of those who were named as liksly to
succeed the Astronomer Royal in the office to which Mr.
W. M. Christie, formerly first assistant at Greenwich, has
been appointed. Most of those who were thus named were
persons who, by their method of life and study, removed
themselves from even the possibility of being thought of in
connection with the office, and, as it were, declined to have
it offered to them. There is one road, and only one, in
which a man, fit as respects capacity, can put himself in the
way of the office, and even that road eventually branches out
into several, one only of which leads to the goal in question.
A skilful mathematician, with first-rate working powers, who
shall begin, from the time of taking a high degree at the
university, to work in one of the subordinate offices at
Greenwich, taking shortly (in virtue of his position as a
mathematician) one of the chief of these subordinate offices,
may later become one of those from whom a new Astro-
nomer Royal can be selected. But such a one may become,
after a few years at Greenwich, the head of some important
Government observatory, a position of greater emolument
and perhaps of greater dignity, but one which, should he
occupy it many years, unfits him for the office which is
justly regarded as the highest which a professional astro-
nomer can occupy. The reason of this is not far to seek.
The routine at Greenwich is necessarily unlike that at other
observatories. Much of the work which must be done at
Greenwich is by no means essential elsewhere, and in turn
much of the work which can be done with great advantage
at other observatories (we are speaking all the time, be it
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essential in the chief of our national observatory. It should
hardly be necessary to say that the indefatigable director of
the ¢Nautical Almanac,’ although for a long time the head
(and a most skilful and successful head) of a fine private
observatory, would be ill placed as chief at Greenwich if
for no other reason for this, that he is the fittest man
living for the post he actually holds.

Again there are men who, by their telescopic researches
in what may be called the physics of astronomy, by spec-
troscopic observations and discoveries, by their analysis of
the great mass of observations gathered by others, and in
other ways, are deservedly regarded as having notably ad-
vanced our astronomical knowledge, who would yet be al-
together unfit to take charge even of the commonest routine
work at Greenwich; and even though they could, would
only do so at the expense of more important work for which
they are pre-eminently fitted. Most of these, indeed, are
independent workers in astronomy, who are not willing
(and have through the whole course of their lives shown
that they are unwilling) to accept what would be to them the
comparative slavery of a salaried office.

One astronomer indeed, and only one of those who were
mentioned as likely to succeed the Astronomer Royal, could
have taken his place without loss to the public, either, on
the one hand, because of unfitness for the post, or, on the
other, becauseno one else could so well do work given up that
the office might be taken. Irefer to an astronomer who has
quite recently left the charge of one of our most important
colonial observatories to take a leading astronomical office
at Oxford. That astronomer had for several years held the
position of chief assistant at Greenwich, and had the
Astronomer Royal resigned four or five years ago, would
almost certainly have succeeded him. But, as I have
already pointed out, an absence of several years from Green-
wich diminishes an astronomer’s fitness for the special
duties (in particular the superintendence of routine work)
belonging to the office of Astronomer Royal. Without
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service he had accepted office, in the opinion of all right-
minded men his distinction would be to his discredit. The
Astronomer Royal who has just completed his long term of
office has achieved—though his official career has not been
absolutely without mistakes—a worthier reputation, in this,
that he has worked with such zeal and energy in the duties
properly belonging to his office, that even the hardest-
working professional astronomer might well hesitate to suc-
ceed him in a position always important, but which he has
made most arduous.

no
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PHOTOGRAPHS OF A GALLOPING
HORSE.

ABoUT two years ago I heard for the first time of a photo-
graphic achievement which seemed to me at the time scarce
credible, and which I was presently assured by-one of our
ablest English photographers was absolutely outside the
bounds of possibility,—to wit, the photographic presentation
of a galloping horse. Of instantaneous photography, so
called, I had of course heard, and I had seen the process in
operation. But I knew that the actual exposure in what is
called instantaneous photography is not less than a second,
even in that arrangement which was called some ten or
twelve years ago pistolgraphy. Again, I knew that the sun
had been photographed in a period certainly not exceeding
the 1,000th part of a second. But the shortness of the ex-
posure in that case was a necessity instead of involving a
difficulty ; for the brightness of the solar image is such
that an exposure of the tenth or even the hundredth part
of a second would suffice to entirely ¢ burn out’ the details
of the photographic picture. To photograph a galloping
horse, however, with distinctness, requires on the one hand
an exposure of much less than a second, or even than the.
tenth or hundredth part of a second ; while, on the other
hand, the luminosity of the image cannot, under any cir-
cumstances, be greater than that which, when ordinary
photographs are taken, involves an exposure of several
seconds at least.

As to the first point, it is easy to see that an exposure
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a second would result in entirely blurring the outlines of
€ horse’s limbs. A galloping horse advances ordinarily at
1e rate of a mile in less that two minutes. In the photo-
raphs of which I had heard, the rate mentioned was a mile

n 1m, 40s., or thirty-six miles per hour. Taking the last-
named rate, or a mile in a 100 seconds, the galloping horse
advances one hundredth part of a mile, or nearly eighteen
yards, in a second, and therefore, as a horse at rest occupies
a width of less than three yards, it is hardly necessary to
say the picture obtained from an exposure of one second
would be a mere confused blur. The image obtained in
the tenth of a second would be no better, as the blurring
would correspond to a width of nearly two yards. In the
hundredth part of a second the image would be blurred to a
width corresponding to more than half a foot—so that, al-
though the picture of the horse as a whole might be perhaps
just recognisable as a horse, the limbs would be confused
beyond recognition. To get a picture which should show
the limbs of a galloping horse with anything like distinct-
ness, the blurring should not exceed a width corresponding
to one inch in the life-size image of a horse. Now in what
precedes I have only taken into account the forward motion
of the horse as a whole ; but in considering the definition of
the limbs we have to remember that these are not only
advancing with the body, but are moved also in relation to
the body, and that when the limbs are being thrown forward,
this forward motion is added to the advancing motion of
the body. Now the forward motion of the limbs varies in
rate, from nothing when the limbs are farthest forward and
farthest back, to a maximum somewhere near the middle of
their forward sweep. This maximum cannot be less than
the advancing motion of the horse, and is probably much
greater.! As we must add this forward motion to the ad-

! In the case of a carriage, we get in the motion of the wheels what
corresponds to the relative motion of the horse’s limbs. In this case,
we know that the relative forward motion of the top of the wheel, and
the relative backward motion of the bottom of the wheel are each
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luminous impression on the eye. Vet in reality this has been
done by taking advantage of the very circumstance which
seems at first sight to render it impossible. The method is
so ingenious, and at the same time so simple, that it will be
well to consider it here as an introduction to the less minute
subdivisions of time involved in the processes which form
the subject of this essay.

Conceive a rather large disc of ebony, round the edge of
which are inlaid radiating lines of silver wire, exceedingly
fine. Say, for instance, that there are 1,600 equidistant ra-
diating lines, or in each quadrant 400, so that each centigrade
degree (100 to the quadrant) is divided into four parts. If
each wire is the hundredth of an inch in thickness, and the
disc is one foot in diameter, the black space between the
ends of the wires will be one-hundredth and a quarter (of a
hundredth) in width. Now, suppose this disc set in rapid
rotation, making, for instance, a hundred rotations per second.
Then, in the 160,000th part of a second, one of the radiat-
ing wires will be carried to the position which, at the begin-
ning of that short period, had been occupied by its next
neighbour. But the forward edge of a wire will be carried
to the position which had been occupied by the backward
(or following) edge in a shorter time still—manifestly in five-
ninths of the short period ; for the breadth of the black
space between the wires is five-ninths of the distance from
centre to centre of successive wires. Thus, if the disc is
whirling in darkness, and is suddenly lit up by a flash of
lightning, and the flash lasts five-ninths of the 160,000th
part of a second, or lasts one 288,000th of a second, the disc
will appear as if bordered by a continuous ring of silver ; for
during that time every part of the edge will have been occu-
pied by lightning-lit silver, and as the eye retains a luminous
impression for fully one-tenth of a second, the light from every
part of the edge of the disc will appear to form a single image,
in which the spokes of wire will not be separately discernible.
If the lightning flash lasted half that time, the black spaces
would be discernible, but would seem to be but half their real
width, half their width being cut off duringhe continnrnes o
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able so to arrange matter that in such a minute period of
time an image should be taken which shall be clear and well
defined in all its details. Yet this has been achieved, and
some of the results of the application of this process have
now to be considered.

In the best paintings of horse-races, charges, the hunt-
ing-field, and so forth, we have what may be regarded as a
conventional view of the horse at full gallop. He is shown
with the two fore legs thrown well forward and the two hind
legs thrown well back—in the attitude, in fact, which is
indicated by the French expression ventre & terre, applied to
an animal at full gallop. Anyone who has watched a race
or a charge of galloping horses, will certainly be prepared to
affirm that this attitude is one of those which a horse assumes
in galloping, It is, of course, to some degree absurd that
this one attitude, which is only (even on this assumption)
assumed at certain definite instants by the horse at full
gallop, should be presented as the only or almost the only
attitude recognisable in a group of galloping horses. Still,
the idea generally entertained by those who study pictures
of the kind is that this attitude is the most characteristic,
and the one best suited for delineation. Accordingly,
paintings and drawings of galloping horses which present
this attitude and no other, are amongst those most admired
by the artistic world.

So soon, however, as we test by instantaneous photo-
graphy the movements of a horse, we find that this ad-
mired and presumedly characteristic attitude is not one
which really characterises the gallop. Not only is this the
case, but the attitude is actually never assumed at all by a
horse either in this or in any other gait. And, on the other
hand, we find that positions are assumed by the galloping
horse which no one would for a moment have supposed
possible.

The positions shown in Mr. Muybridge’s photographs
are eleven, and these include all the movements made in
one complete stride, It requires some care to distinguish
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indicative of the energy which is about to be put into the
backward stroke given by this fore limb. In considering
this picture, and indeed all those in which a hoof touches
the ground, it must be borne in mind that the attitudeis
not one assumed by the horse for any definite period of
time, however short. It is difficult to dispossess oneself of
the notion that this is the case, and the absurdity of some
of the attitudes in our series of pictures arises chiefly from
this mistaken conception. Regarding these attitudes as
simply passed through during the horse’s rapid rush forward
in swift gallop, they no longer appear so absurd ; though,
even as thus viewed, there is some difficulty in imagining
that attitudes so unlike those which the eye can recognise

FiG. 6.

as a horse gallops past, should be assumed once in each
stride. In Fig. 6 we see the horse in that part of his action
which is most energetic in the galloping gait. At this stage
of his stride, and at this stage only, those two legs are at
work in propelling the horse forward which have the greatest
propulsive power. Strictly speaking, the stride should be
regarded as commenced from this attitude ; and I should
so have dealt with the series of pictures had it chanced that
they represented precisely one stride. Since, however, Fig.
11 shows a position about a foot in advance of that shown
in Fig. 1, but about as much behind that shown in Fig. 2,
the series only runs by equal intervals from Fig. 1 to Fig
11, and it was necessary therefore to commence with Fig. 1,
though that really belongs to the middle of a stride.
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In Fig. 7 two feet are shown touching the ground, one a
fore foot, the other a hind foot. Leg 2, which in the last
figure was preparing for propulsive action, is here fully en-
gaged in it. But the two hind legs have already given a
strong propulsive impetus to the body, and hind leg 4 is still
urging the body forward. It is only necessary to compare
these two legs to see how much more powerful the propulsive
action of the hind legs must be than is that of the fore legs.
X would venture to predict that if ever an experimental test
is applied by which the propulsive action of the fore and
hind legs is compared, the former will be found at least
three times as effective as the latter. It will be remem-
bered that 2 is the right foreleg and that 4 is the left hind

0 L3
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foot. We notice, further, that the gallop is not a symmet-
rical gait, as the trot is. For in the trot right and left fore
legs work in similar ways with left and right hind legs re-
spectively. But we see, from the series of figures illustrating
the gallop, that whereas the right fore leg works with the left
hind leg, the left fore leg does not work with the right hind
leg. Each of these legs—the left fore leg and the right
hind leg—does its work alone, except that the right hind leg
during a part of its work receives help from the other hind
leg, but at no time from either fore leg. Such at least is
the case illustrated in our series of figures ; of course, the
gallop can equally be executed when the right and left fore
legs do the work which the left and right fore legs are here
represented as doing, the hind legs also interchanging their
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a case as this. At any instant of time the wheel of a
rapidly advancing carriage has its spokes in some definite
position, and we might draw them in such a position, and
regard the wheel when so drawn as correctly represented.
But we know that if it were so drawn the carriage would
appear to be at rest ; and that to convey the idea of rapid
motion, the wheels of a carriage must be represented
as it really appears to the eye, with the spokes blended
together into confused discs. Whenthe wheels are so drawn,
and accessories drawn in so as to suggest the idea of rapid
motion, as post-boys leaning forward and flourishing their
whips, the dust rising around the wheels, and so forth, we
obtain a picture which conveys the idea of a rapidly ad-
vancing carriage. The mere fact, then, that a galloping
horse assumes such attitudes as are shown in our series of
figures is no argument in favour of thé introduction of.
such attitudes into a drawing of a race or charge. One
might as reasonably represent cannon balls in mid-air, in a
battle scene, as we see in some of the illustrations of
Froissart’s ¢ Chronicles.” Cannon balls and musket balls are
certainly in the air during a brisk exchange of missiles, but as
no one can see them they have no proper place in a picture.
On the other hand, it is difficult to understand how the
conventional attitudes of a galloping horse came to be em-
ployed ; for they certainly are not seen during a charge or
race, though the idea conveyed may be that such attitudes
are not only assumed by the galloping horse, but are
actually characteristic of his actions. It may perhaps be,
that the attitudes approaching those seen in the pictures are
retained longer than the others which seem unnatural
Thus the general effect is, we may assume, that conveyed by
the pictures. And yet it is strange, if this be so, that the
hind legs do not pass through those positions which seem
natural at the same time that the fore legs are passing
through their natural attitudes. Thus the positions of th
hind legs in Figs. 8, 9, 10, and 11, are not unlike thor
shown in the pictures, but in all these figures the fore le
are in positions which seem altogether unnatural. Ont






PHOTOGRAPHS OF 4 GALLOPING HORSE. 421

why some of the attitudes of a leaping or swiftly running man
seem unnatural {and of course the same reasoning applies
to a galloping horse), that they are attitudes which cannot
be maintained even for a single second, but are only passed
through in the course of a certain series of energetic actions :
so that the pictures look like ill-drawn representations of
impossible attitudes.

The great value of such plctures lies in the evidence
which they afford as to the real nature of the movements in-
volved in particular gaits or exercises, as for the horse in
the gallop, canter, run, or trot, and for the man in the high
leap (running or standing), the long leap, the run, the swift
-walk, and so forth. They serve to correct some erroncous
ideas as to the nature of such movements, ideas even enter-
tained (in the case of exercises for men) by those who are
most skilled in leaping or running. For instance, Mr.
Muybridge informed me that the most skilful runners are
positive that, in running swiftly, they bring the toes to the
ground before the heel ; and certainly most runners, if not
all, would think so: but the instantaneous pictures show
that in rapid running the heel comes first to the ground.
This was shown in every case, even where the runner had
been told beforehand that the photographs would put to the
test his own confidently expressed opinion that he brought
the toes to the ground first. In pictures of a very swift
runner at full speed, the toes appear thrown ridiculously
upwards, just as absurdly as the hoofs of the fore feet of the
horse appear in Figs. 6and 8 of our series. (On considera-
tion, I am inclined to think the evidence on which Mr.
Muybridge depends is open to some degree of question,
His views show, as I have myself had the opportunity of
noting, that the toes are pointed upwards as the foot
descends, till at any rate itis quite near to the ground ; but
so far as I recollect, they do not show that at the last there is
nota rapid motion of the forward part of the foot, bringing the
toes down before the heel. Note, for instance, howin Fig. ¥
the hoof, which had been pointed upwards in the previous
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position, Fig. 6, has come down to the ground before the
fetlock, which in Fig. 8 has reached the ground ; and, still
more to the purpose, note how in Fig. 9 we see the hoof
before reaching the ground already thrown far downward of
the position, relatively to the fetlock, which it had had in
TFig. 8. Mr. Muybridge, by the ‘way, asserts that all animals
bring the heels to the ground, in rapid running, before the
oes : this, of course, would relate only to the hind feet, and
is not supported by the views of our series, even if the
fetlock be regarded as the heel. But in reality the fetlock
corresponds to the ball of the foot, not to the heel, the heel
corresponding to the horse’s hock, which never touches the
ground at all, except when the animal rears till he-is abso-
lutely upright.)

I should like to see Mr. Muybridge’s method applied to
a number of other movements, which so far as I know he
has not yet tested ; in particular to the movements of a
man’s body and limbs in rowing, first in heavier boats,
then in lapsteaked gigs, then in racing boats : and in steady
pulling, as well as in the fiercest spurts.

Mr. Muybridge claims that in his later photographs the
exposure, as tested by the distinctness of the outlines, cannot
be more than the 5,000th part of a second. If this is really
so it would be possible by this method to secure a picture,
though not a sharply defined one, of a cannon ball, even at
the beginning of its flight. For such a ball travels at a rate
of less than 500 yards per second, so that in the 5,000th
part of a second it travels but the tenth of a yard, or less
than four inches. Even in the 2,000th part of a second a
cannon ball would fly but about nine inches at the beginning
of its course, and much less at the close of its first flight,
supposing the cannon 50 inclined that the range would be
nearly the m&\lmum S
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